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INTRODUCTION 


We owe to the Italians not only the name but also 
much of our knowledge of Malaria. From the days 
of Lancisi and Torti, not to mention the ancients, 
they have proved themselves eager and successful 
students of the subject. The fact that several of the 
centres of medical science in' Italy, notably Kome, 
although themselves healthy, are surrounded by 
zones of malaria-haunted country, has doubtless 
contributed to the pre-eminence of that country in 
the study of malaria. This happy combination of 
circumstances, whilst securing an abundant supply of 
material, has enabled the well-trained observers to 
work without risk to themselves, or of interruption 
to their labours by disease, and in favourable climatic 
and technical conditions. A vast and important 
literature is evidence that these exceptional oppor¬ 
tunities have been turned to good account. 

Unfortunately, so far as the English, reader is 
concerned, much of this literature is a dead letter. 
Englishmen and Americans who can read Italian are 
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the excel)!ions. So that hitherto it lias only been 
after a considerable interval and through indirect, or 
incomplete and too often inaccurate translations, that 
many of us in England and America have learned 
about the revolutionising work our Italian colleagues 
have been carrying on. More than one important fact 
has been common knowledge in Rome several years 
before it had percolated to London. 

To many of us the Sydenham Society’s transla¬ 
tion of Marchiafava and Bignami’s book ‘On the 
Summer and Autumn Malarial Fevers,’ by Dr. J. Harry 
Thompson and Dr. Edmonstone Charles, came as a 
revelation. Since the publication of this work in 
1S94, and in great measure in consequence, many 
of the profession in Britain, in the United States of 
America, and in their numerous tropical dependen¬ 
cies, have applied themselves to the study of tlie 
malaria parasite and added their quota to the 
common stock of knowledge on the subject. The 
Italians, however, have maintained their leading 
position, and when, two years ago, Ross’s brilliant 
investigations placed the mosquito-malaria theory on 
an incontrovertible basis, they •were the first to 
confirm his work, to extend it, and to throw them¬ 
selves energetically into the hygienic measures it 
so plainly indicated. 

Amongst other Italians Professor Celli, whose 
name has been so long and so honourably associated 
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with the scientific study of malaria, on satisfying 
himself of the truth and practical value of the new 
departure, grafted a series of studies on the mosquito 
in its relation to malaria on to the work he was already 
engaged on in connection with the epidemiology 
of paludism. These studies, as this work bears 
ample evidence, have been conducted on the most 
rigid scientific lines. Throughout they bear the 
stamp of a master hand. Although in several 
respects they are not complete, nevertheless they are 
stepping-stones which may be trod on with confidence, 
and with the assurance that they will in time lead to 
the solutid®bf the problem so many of us are straining 
after—the prevention of malaria. Some important 
points he has already solved. He has indicated 
clearly the direction which should be taken in 
attempting the solution of others ; and he has set 
a valuable example as to the methods by which 
'the still unsolved problems should be grappled with. 

Although Italy has considerable practical interest 
in the malaria problem, her interests in this respect 
are insignificant as compared with those of Great 
Britain and the United States. Professor Celli’s 
work therefore appeals to English-speaking peoples 
even more than to his own countrymen. The 
present translation accordingly cannot fail to be 
welcomed in Britain and America and in (heir 
tropical dependencies. It informs us fully of what 
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tiic Italians have done and of what they are. doing 
in tin' Manly, and in the prophylaxis, <>f malaria, ami 
it will enable us to take lull advantage of ihe infor¬ 
mation they have gleaned with so inm-h laltonr. It 
will not fail to stimulate manv of ns to fresh efforts 
toward* Ihe practical application of. and to add to. 
the knowledge that has been accumulating in Rome 
during the last few years. 

During a recent visit under Professor (Vlli's 
guidance to the Roman Campagnn. I had an oppor¬ 
tunity of seeing for myself one of the fields of obser¬ 
vation described in this work, and to learn from 
Professor Celli’s lips some of his mcthA and his 
objects. I saw the peasants whose sordid lives he 
describes so graphically, and I saw in operation the 
economic system which, _ together with malaria, has 
reduced these wretched people to what is practically 
a position of slavery. Professor Celli's expos? of 
this system must surely lead to obvious and much- 1 
needed reforms in the conditions of laud tenure and 
of agriculture at present in vogue in the Roman 
Campagna, and to efforts directed to the improve¬ 
ment of the sanitary conditions "under which the 
peasants there live and labour. Some system of 
gratuitous or partially gratuitous distribution of 
quinine by trustworthy agents, together with efforts 
to popularise, and instruct in its use, might Ire 
attempted. The suggested deportation to heallhv 
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localities of the subjects of infective malaria would 
be a beneficial, though perhaps a difficult, measure. 
Something might be done towards the improved 
housing and feeding of the peasant, towards his 
instruction in the role of the mosquito as the trans¬ 
mitting agent of malaria. Such measures, combined 
with intelligently directed drainage and appropriate 
agricultural methods, would do much to mitigate, if 
not to remove, the blight of malaria from the Roman 
Campagna. The successful application of these and 
of similar measures advocated by Professor Celli 
would be an object-lesson which could not fail to 
lead to thflr general application in other malaria- 
cursed countries. 


PATRICK MAN SON. 
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TRANSLATOR’S PREFACE 


In presenting this translation of Professor Celli’s able 
and philosophic book to English readers, I wjsli to 
emphasise the fact that malaria or so-called Roman 
fever now practically never exists within the walls of 
Rome at any season of the year. 

My reason for doing so is that I and the other 
British medical men now practising in the Eternal 
City know only too well the erroneous opinions 
generally held in English-speaking countries, not 
only by the laity but also by the medical profession, 
that Rome is a very unhealthy city, and that malaria 
is very prevalent there during the whole year. 
Perhaps in this connection I may mention that during 
the six years I have been practising as a physician 
in Rome I have never seen a case of malaria in an 
English-speaking person who contracted the disease 
in this city or even in the surrounding Campagna. 
The explanation of the absence §f malaria in Rome 
proper is jdven by the author in tl# hook. 
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be acquainted with another translation oi' mine, that 
Rome is now notjg^ly one of tin* healthiest cities in 
(he world, hut. also one of the most desirable health 
resorts in Europe for certain forms of disease which 
are duly mentioned in. that book. 

JOHN J. EYRE. ' , 

31 Piazza m Spagka, Komis : . ' 

September. 1900. - . . 
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THE SECOND EDITION 


Within five months from its publication the first 
edition of this book has been exhausted, and it is 
well, inasmuch as it had already become somewhat 
out of date owing to the great progress made in the 
fields of epidemiology and prophylaxis by the Italian 
Society for the Study of Malaria during the epidemic 
year just ended, guided by the new etiological 
theories. 

I have much pleasure, therefore, in presenting 
this second edition, which contains additional and 
better figures, an account of the latest discoveries 
up to the beginning of 1900, and what I believe to 
be an almost complete bibliography of Roman 
Malaria from 1600 to the present time. 

Meanwhile distinguished investigators, at the head 
of scientific expeditions which have been sent out to in¬ 
vestigate tl^|^)estilence, have substaiftally confirmed, 
even when they have not mentioned it, the work of 
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the lioni an school, and when they have not confirmed 
it, have fallen, li^p Koch, into imperfect observations. 
Wherefore for us who live in the centre of one of the 
most splendid regions laid desolate by this scourge, the 
necessity increases of continuing our labours, always 
enlarging the field of investigations in practice, and 
bringing the aid of the new theories to these un¬ 
fortunate people, who, true and noble martyrs and 
heroes, lose their health and frequently their fives 
for the benefit of others. 

On our part, to enable us to continue our work, 
we again appeal for a little help to the very few who 
have already given it, to the very many who have 
not felt it their duty to interest themselves in the 
study of a problem which concerns a large part of 
the economic life of their families and of the whole 
nation. 


A. CELLI. 
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THE FIBST EDITION 


In the scholastic year just finished I have brought 
to a close the course of Epidemiology with fourteen 
lectures on Malaria according to the New Etiological 
Eesearches. 

These lectures, more or less, with their special 
physiognomy and didactic structure, I have for 
various reasons decided to publish. 

It is time, I believe, that the ancient wisdom of 
an epidemiological doctrine, nowadays accumulated 
by virtue of popular tradition and medical observa¬ 
tion, be united and harmonised with the modern 
investigations. 

And as to-day not only has the epidemiology 
of this infection been much cleared up, but, as a 
legitimate consequence, its prophylaxis also can 
and ought to be better directed to its supreme 
scope, I l^pe this book will be useful in enabling 
doctors to quickly put themselves an cou-rant with 
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the new studies, in order that they may know hoi# 
to combine and diffuse their preventive and curative 
counsels in relation to a disease unfortunately so 
universally prevalent. 

The public administrations also, and p general 
all those who in various parts of tire world are so 
frequently engaged in an unequal struggle with 
this up till now implacable monster, ought to direct 
their powers towards the new horizons which inter¬ 
national science has been able to disclose within 
these last years. 

It is well also that in a brief synthesis we at 

length can understand and value what our medical 

* 

school has done for the study of Boman malaria 
from the days ofLancisi to the present moment. 

And, in fine, I pleased to take this first occa¬ 
sion to express my sincere gratitude to the Italian 
Society for the Study of Malaria, which has fur¬ 
nished the means necessary for the various’ new 
researches that give character to this book. 

I must also thank my assistants Dr. Del Pino 
and Dr. Yalagussa—the former for taking down 
these lectures as they were delivered; the latter 
for having prepared the designs of the many figures 
which richly illustrate the text. 

May these pages diffuse the impulse for the 
further study of such an interesting arg^pent, even 
in malarious regions not yet thoroughly explored; 
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and in the present competition of the most civilised 
nations for combating such a homicidal scourge may 
they likewise demonstrate that, as the Italian medical 
school has known in the past how to fulfil its duty, 
so it inters to perform it in the future. 

* ANGELO CELLI. 


Rome : July 15, 1899. 
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PART I 

EPIDEMIOLOGY 


HISTORY OF THE EPIDEMT 

History of malaria.— One can truly say that 
malaria is connected with the economic and political 
life of the people who inhabit, the regions where it 
dominates, and yet the historians, as a rule, have not 
given and do not give it all the importance it deserves. 
We find it barely mentioned in the description of some 
wars : thus, for example, it has been said that during 
the invasion of Hungary by the Germans, and of 
Holland by the English, the invacfers encountered the 
greatest obstacle in malaria, which decimated their 
armies, but spared the native troops. Mam T other 
human events and conditions are influenced by the 
presence of this disease, and there is no doubt that in 
a large measure the greater activity and progress 
which are to be seen in Northern Italy, as compared 
with Southern Italy, are due to the prevalence of 
malaria in the latter region. The extensive landed 
properties, for distance, were and still are in reality 
an effect of the same cause ; and the celebrated phrase 
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of Pliny, Latifundia Italiam perdidere, can be 
translated into this other, ‘Malaria has ruined ami is 
ruining Italy.’ It, is even tceday the most insur¬ 
mountable obstacle to colonisation and, in general, 
to the acclimatisation, of the European race in tropical 
and subtropical climates. 

In the course of ages what vicissitudes has this 
epidemy undergone in Europe P 

While, as a rule, one can say that it lias, been 
decreasing in the regions of the North. in those 
of the South, on the contrary, there has been little 
or no diminution. In London, when Sydenham 
wrote (1666-S8), the pernicious, were 'any¬ 

thing but rare: nowadays even a mi.-e oJ mild 
tertian or quartan is very seldom seen within the . 
confines of the great metropolis, i orn in 171fi 
described in Modena, where lie practised, all , the 
most classic forms of pernicious fe\u; to-day in. 
that city cases of malaria are very rare, and they are- 
of a mild form, At Turin in 1804' there were fifty 
deaths from pernicious fever, while to-day -every 
trace of malarial fever has disappeared therefrom. 
Frerichs in 18G5-G described, in fcilesia, morbid 
changes in the liver produced by tin- iiiom, severe 
malaria, which now is very mild there. ' • • 

In Northern Europe, in England, in (Annum-, 
and in France, as in Northern and Central- Italy, 
examples of vast and successful schemes of agrarian 
sanitation are numerous, while -unfortunately not one 
can be cited from Rome down to th^most southern 
parts of Italy, where for centuries no marked 
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permanent amelioration in the prevalence of this 
epidemy has taken place. 

We shall speak in due course of the wonderful 
conquests man has effected over malaria; here we 
shall sketch briefly the history of Roman malaria in 
the various epochs. 

Pre-Roman epoch .—Colossal drainage works were 
executed by the first inhabitants of Latium. 

In the Roman Campagna, beneath a thin layer 
of humus, the hills are constituted principally of 
volcanic tufa which being finely porous retain the 
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rain-water; hence the permanent humidity of the 
subsoil. To remove this humidity and to obtain 
drinking water the ancients excavated for hundreds 
of kilometres a network of tunnels, the greater 
part the height of a man. Di Tncci, the engineer, 
and Professor Tommasi-Crudeli some years ago de¬ 
scribed them. Figure 1 shows a portion of a 
hill pierced by these tunnels, or drainage in three 
levels, which collected at the bottom of tin * hill 
the subsoil wtfter that filtered through the tula, 
and which certainly must have been used as potable 
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water- mi lae.t. m the second level of the ootids,, in 
a constriction winch communicates with the lowest 
h el o! tins drainage, a filter has been found, that is 
hit- 151 a ilr.ck slab ol perforated lead, which - is the 
<■ nli*‘M e amp! ■ of 1 ! o t mplov uv-nt of a filter in die 
i story of our Western civilisation. Other. hills have 
s Mmilar drainage in two levels, or iir one,only. 

By these and .similar' drainage works malaria 
in the Aero Homano must certainly have been much 
attenuated, because, in places which afterwards 
became deserted and inn e remained so up till to-day. 

___„ there arose and flourished, through 

| " - - • -- die work of the first Latin settlers. La- 
I '- • ,. A vinium, iMvreutnm, (Midi. Ac.. and 

I ....... . ... through that of the Etruscans, Fnhrii, 

p w „ Vm, (Ai]>eue . It couhl not. however, 
have been abolished, inasmuch as the 
worship of the goddess Vever was here a very 'ancient- 
custom and widely diffused. And t 'iccro cries the old 
tradition that, to found the city. Romulus selected a 
place m regions pestihmi salubrc-m ,, . 

Roman epoch ,— In the earliest times, to dry the 
Telabrum(TbAi?>ra.s/m stagnabantlhrminc* as Froperiius' 
says) .inthe valley between the Capitol and the Palatine 
(fig. 28), the famous Cloaca Maxima was constructed, 
which was at first nothing more than an enormous 
drain, and as such it still exists. The ancient ysun 
of subterranean drainage was modelled on the same 
lines, and good examples of it still, remain. Thus the- 
city was made healthy, draining wltcrraiii oush ih.- 
waters that abounded on the surface ^lig.-. 28). But, 
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in regard to the surrounding Campagna, Livy, after 
the siege of Capua, says that the Eoman legionaries 
did not wish to return any more in pestilenti atque 
• arido circa urbem loco, as was always, even then, the 
Agro Romano. 

Doubtless afterwards, for a radius of several 
kilometres round the metropolis, they built, as now, 
villas for the patricians, and suburbs, and cultivated 
extensively flowers, fruit, vegetables, and instituted 
dairy farms and poultry yards. But that they 
rendered the whole of the Agro Romano absolutely 
healthy cannot be admitted, for in the reign of 
Augustus, Strabo indicated a vast littoral zone as 
being unhealthy, and Horace wrote that the October 
wind adducit febres et testamenta resignat • and during 
the journey from Rome to Brindisi, while his com¬ 
panions stopped a little beyond the city to partake 
of their collation and drink the water of the spot, he 
himself abstained for fear of the fever. Later on 
Frontinus (year 91) praises Nerva because causes 
gravioris coeli , quibus apud veteres urbis infamis aer 
fait, sunt remotce. It is certain, however, that they 
were not in reality removed, inasmuch as, according 
to Juvenal, it was always letifer autumnm. 

It is also certain that at a long distance from the 
city large tracts of land remained, as they still remain, 
as fields and woods for pasturage, which always has 
been the principal industry preferred by man on this 
soil. Reading the letter that Pliny wrote to Callus 
concerning his viilaof Laurentinum, and following (he 
two ancient ways, the Laureutina and Ostieu.se , which 
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he describes, we find that the If Oman Campagna was 
then much as it - is to-dav, with its, fields, and 
woods, with flocks of sheep and herds of horses and : 
cattle. - \ 

Therefore, even in the time of the apogee of the 
Roman power malaria was not stamped out hi the ' 
Campagna, And with the decline of the Empire, 
and after the transference of its seat to Byzantium, 
malaria, increased. Later on the Ostrogoths, at the 
siege of Rome (o8?L interrupting the aqueducts, 
and devastating the Campagna, left it in a state of 
desolation. • 

Medieval epoch. —Foreign, invasions having- been 
suspended towards the sixth century, even here 
the good effects of the agrarian labours of the .Bene¬ 
dictines were felt. Meanwhile the l.Lurch, which 
had become master of the whole territorv. divided 
it into six palc'nnomes be,moon Ajpia, Labi- 

c.anum. Tihiuiimint. Tu'citr. Eahin-nn^ L’rhtmvm). 
Each of these patrimonies was inhabited and culti¬ 
vated. and for this purpose was subdivided, as 
Tomassetti has shown, into mosses-, cfwtorvllw.- colo¬ 
nies. and hamlets. 

The masse* were habitable centres or rural 
towns. Tire domocidUb were agrarian institutions, 
each of which contained several farm* rations]v 
cultivated, and- had a considerable collection of 
habitations surrounding a chim-h, sometimes a nroup 
of small villages on the site of the ancient, inhabited •• 

The apricvltural colonies arose on the ruins of 
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the ancient villas, and especially in the suburb that 
was richest in these ruins. 

The hamlet was a large farm cultivated by private 
initiative, and had had so many habitations and such 
importance that twenty farms of the Agro Eomano 
are still known by their names. 

The history of the domocultce deserves to be more 
thoroughly studied, because even to-day it would be 
difficult to find a system more suitable for the 
colonisation of our Campagna. 

Pope Zachary (741-752), requiring corn, founded 
the first five domocultce, which were built on ancient 
inhabited sites. Adrian I. (772-775) restored some 
of the aqueducts and founded other domocultce. 
There were, according to Tomassetti, ten of these in 
the Eoman Campagna, along the principal ways ; ac¬ 
cording to others, they were twenty and even twenty- 
nine. Around each the Campagna was cultivated 
by settlers and given in feud to the convents and the 
Eoman nobility. For a certain time a part of the 
products were given to the poor. This system was 
maintained in spite of the Lombard invasion (750), 
and yielded only to the destructive incursions of the 
Saracens (846-876), after which period the domoculta’ 
were enclosed and fortified with towers. The colonies 
were also fortified, while, with the same object of 
defence, Leopolis was built at the Vatican, Laurcntio- 
polis at San Lorenzo fuori le Mura, Johannipolis at 
San Paolo, Gregoriopolis at Ostia. These latter two 
towns were subsequently destroyed by malaria. 

Meanwhile the barons summoned from the 
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i 'asitAh Humani into fcbe plain established - fortified 
planes wil.li towers (see fig. -11 / to oppose the con- 
1 i nous incursions ol the'Baracens. and finally made 
i hr ii m 1 i s ma u i s ol all the rer.rilo.rv,. Here, with the 
pn rlomu i i re I* udal militarism and the consequent 
i i jh t j1 tumuliure, the prolific medheval agrarian 
pr i Jod ' < i-vcd ojd the land. Irom that time till to-day 
has remained m the hands ol a few noli owners. The 
n iev,iut inclusions ol (lie Saracens, and. later the 
invasions of the Hungarians (924) and of ihe 
eoi'iHiiiis (1017). as am-IJ as th<* < an ,il an:«•• between 
t.lie no hies and with the Popes, kept the Oaiupagna 
i disi.it lieipiente.d only by the -hep'n rds who. 
descended thither in the winter with their (locks from 
the mountains of Abruzzo. 

Modem epoch .—Contrary to what has frequently 
been stated, several attempts at agricultural improve-' 
rnents were subsequently made, hut unfortunately 
without result. Sixtus IV. (1471-84 1 issued an eilict 
that permitted any person whomsoever to fill those 
Lands where at least a third part had not been culti¬ 
vated by the proprietor, who received compensation 
from the tiller, which was fixed by judicial experts. 
This arrangement was subsequently confirmed by Julius 
II. (1503-13), Clement VII. (] 523-34 and Alexander 
VIII. (1689-91), for a radius more or less distant, .from 
the Avails of the city. Paul V. i [007 21'i. h< dde-. 
having improved the Tiber by reopening the canal of 
Framicino, to induce the proprietors to adopt close 
culture, authorised the bank of Monti; to advance 
them money at a low rate of interest, and he under- • 



HISTORY OF THE EPIDEMY 


took to transport into the Agro the Moors who, 
expelled from Spain, went to settle in Africa. And 
-Clement XI. (1700-21) went so far as to lend the 
agriculturists money without charging them any 
interest. 

Towards the end of the eighteenth century, Pius 
VI., while he associated his name with the drainage 
of the Pontine Marshes (already attempted with some 
success by Leo X., Sixtus V., Innocent X. and XII., 
and Clfement XI.), in I7S3, ordered, together with the 
new census of the Agro Komano, that every year a 
certain extent of land should grow corn. 

In 1798 the Republican Government in Rome 
promulgated law's for the populating and cultivating 
of the deserted Campagna. And afterwards, in 1801 
and 1802, Pius VII., to remedy the scarcity of corn, 
enacted agrarian laws, truly Jacobinical, decreeing 
fines and rewards. He taxed heavily those -whose 
lands remained uncultivated, and with the profits 
arising from this taxation he helped those who sub¬ 
divided their land for the purpose of having it 
brought permanently under cultivation by agricul¬ 
turists, and he exempted them from service. This 
led to the formation of villages and scattered home¬ 
steads. To the colonists he also conceded rewards 
in money for each tree they planted, clots for their 
daughters, payment for the bringing-up of orphans 
and foundlings, exemptions from litigations, ready 
and gratuitous medical assistance. And because the 
unhealthiness of.the air and other causes rendered 
the cultivation of the distant lands more dillleult, he 
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•very Ircirsm 1 »v lmpostny the new taxes, 

on tlio.«e who. within a reasonable period oi time* 
had * lot r,uhu it( 'I tli! i 11 in' 'itnjt'd within a kind of 
inilharv circle round Rome. 

Hut <P tins ii'.s lHiumol a dead letter, as sub-" 
sequen tlv was tne fuse with the edlr-t issued by the 
triumvirates of 'the Roman Republic, by which the 
muni lands were given in emphyteusis to. the 
families of the peasant s who wished t o cultivate them, . 
Political vicissitudes, the omnipotence of private 
property and its concentration in a few hands,- the 
absence of efficacious hydraulic sanitation, all tended - 
to damage or destroy the. provident dispositions of the ' 
agrarian laws in every age. 

The various tentative# made by private indi¬ 
viduals were also fruitless. It would be -very 
useful for some, one to write a precise • history- of 
them; I confine myself to mentioning the extensive • 
works, now nearly all abandoned, for the. imgnous 
cultivation of several valleys, and. some of the a t-tempts 
at colonisation. For instance, in the second half of the 
seventeenth century, when John bay:in l*oni pub-, 
lished (1067) liis able work De reGitvcndu Sahibritate 
Agri RomamAhu Borghese family put. into practice his 
wise counsels at Fratica, the site of Lavinium, one of 
the above-mentioned inhabited centres of antiquity, 
where they constructed a village, and brought thither 
families of agriculturists from the Hire lie' arid. 
Tuscanjq to whom they granted suitable farms in 
perpetual emphyteusis and at a very, moderate. , 
rental. These families went thillier in numbers, and 



HISTORY OF THE EPIDEMY 11 

undertook the cultivation of the farms with ardour. 
Piazza, in the beginning of the eighteenth century, 
found 130 families there, while Nibby, the archaeo¬ 
logist, when a little more than a century later he 
visited Lavinium for the purpose of describing the 
topography of the environs of Rome, states that he 
found there barely twelve permanent families. The 
Sacchetti family also endeavoured to put in practice 
Doni’s proposals, establishing near Ostia a colony 
of Tuscan peasants, all of whom soon died from 
malaria. In the following century (eighteenth) similar 
attempts, of which we have testimony in the mansions 
still existing at Castel Fusano and Cervelletta, had a 
like result; the same can be said for other tenta¬ 
tive experiments made during the present century. 

After 1870, under the impulse of Garibaldi, laws 
were made and important works instituted for the 
straightening and embanking of the Tiber, for the 
drainage of the Agro Romano, and for the agrarian 
improvements within a radius of ten kilometres from 
the Milliarium Aureum around the city—notably the 
works of drying the ponds at Ostia and Maccarese 
and of the hydraulic connection of all the basins of 
the vast Campagna. But, unfortunately, the hygienic 
improvements in respect to malaria were very few. 
And we can also affirm that, in the districts of 
intense and severe malaria, the attempts at reclaim¬ 
ing, undertaken from the most ancient, epoch 
up to our day, owing to the interruptions of the 
works or to their being badly executed, or to the 
enormous intrinsic difficulties, ended by being almost 
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all fruitless. This specially applies to . the sanitary 
conditions of the Agro llomano, which, in respect 1o 
malaria, have been little or hot at all improved by 
what has been done there during the last quarter of 
a century. 

Geography of Malaria. —If we cast, a glance 
over a map illustrating the geographical distribution 
of malaria, we immediately see that a great part of 
the world is allected with this pestilence, which, in 
respect to latitude, reaches the isotherm +4 in the 
nortnern hemisphere, and in the southern, on account 
of tiie marshy lands and favourable temperatures, it 
extend' hi about il e wotherm + 10 . between these 
two isotherms, the low-lying grounds, the plains at 
or below the level of the sea. and the basins of the 
large rivers are nearly all malarious. 

Even in Europe malaria is much, diffused, lire 
lower basins of the rivers in the Iberian Peninsula ; 
the western coasts and the valley of the Rhone, in 
France: the Netherlands: some parts• of the Rhine 
valley, the month of the Elbe, the Baltic, coast in 
Germany; the regions of the large rivers which dis¬ 
charge into tire Caspian Sea. the Sea of. Azof, and 
the Black Sea, in Russia ; the basin of the .Danube : 
the rivers and valleys of Thrace, of Thessaly, and 1 of 
Greece, are all malarious. 

In Italy various .■malarial maps have been 'pub¬ 
lished, one by the Direction of Statistics, on the basis 
of the mortality from this disease in the communes 
of the kingdom ; ami-two on the basis of the.mor- 
bidity along the railway Hites. *• 
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The first was compiled byRaseri. In it, unfortu¬ 
nately, the zones completely free from malaria are very 
few ; in fact, one can say, speaking generally, that 63 
provinces out of the 69, and about 2,823 communes 
out of the 8,258, with eleven millions of inhabitants, 
are exposed to this scourge. 

Across our peninsula it is known that the isotherm 
+ 15° divides the temperate from the warm climate. 
The distribution of malaria in Italy is also divided 
by the same isothermal line : to the north of it the 
disease is rarely seen and is mild in character ; to the 
south the disease is common and severe. 

Sicily, -in many of its coasts and valleys, is ruined 
by this pestilence. 

Sardinia is so devastated by it that we can say 
the problem of this island is the problem of malaria. 

Following the line of the coast, one sees malaria, 
commencing at the Venetian laguna and extending 
to the mouth of the Po; from there it follows the 
littoral of Ferrara and Ravenna, is interrupted from 
Rimini downwards—not completely, however, inas¬ 
much as malarial zones are met with in the mouths 
of some of the rivers, and sometimes also in their 
lowest valleys. Malaria reappears higher up, and 
becomes continuously more severe along the southern 
coasts of the Adriatic, and then runs along those of 
the Ionian and of the Tyrrhenian Seas. However, 
along the shores of the Gulfs of Salerno and of 
Naples it ceases; but again at Pozzuoli the dread¬ 
ful scourge recommences, and extends through the 
Pontine Marshes, the Agro Romano, the Tuscan 




14 


EPIDEMIOLOGY 


Maremma to Tiareggio. The Ligurian littoral is 
healthy. ' - 

Front ill'- < oasts entering biro tin continent we 
find lh.it file wdleyf os many rivers, including the 
principal cries. such as the J’o, Libel. Ghtrigliano, 
Ufanto, are all more or Jess malarious. ■ - : - 

We lone, dim. wu maps of malaria aloag the 
railway lines, where, as is readily understood. it is 
«a.sier to obtain exact sanitary muiTlics of the rail¬ 
way personnel, mwsmuch as ility gm an indemnity for 
malaria amt medical attci’dam- 1 fine of these maps 
was published v.iih ,t report made by Senator TnivJJi 
mi malar a alone the railways in Italy; the other was 
compiled by myself from tin- nfheud data of the rail¬ 
way administrations dig. 3). ■ 

The rwo maps are more or lew jn agreement. 
In both malaria is distinguished, and subdivided 
into mild, severe, and very severe. 

Nevertheless, dais ch.srincarion must be altered, 
inasmuch as to-day. scientific ally, we can admit only 
two caipgoripu that is, mild malaria (spring quartan 
and lei-thu) and -evere mahvia (.rstiro-autumind 
fever). 

We havi. besides, the malarial maps of < mtain 
provinces, namely, of (.apitauata and of Hasilicata ; 
dun of L alabria is being prepared, and that of die 
province of Lome—compiled according to a type of 
month!} statistical bulletins, which for ton years have 
been sent as postcards b} the parish doctors {medici 
cviidntfi) to the prefecture- has been published by 
baatori. In a similar bulletin (see Table I.) are rapidly 
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noted day by day, month by month, with a few strokes 
of a pen or pencil, the cases of primary, recurrent, and 
pernicious fevers. The recurrent fevers have to be 
considered apart, in order more distinctly to ascertain 
the course of the epidemy in the various months of 
the year, which can be exactly indicated only by the 
primary fevers. To avoid mistakes, it is necessary, 
however, that these primary fevers should not be 
confounded with the recurrent fevers with long 
intervals. 

These, if the data be not very accurately ob¬ 
tained, may very easily simulate the primary 
fevers. Consequently, since 1888 I have adopted a 
criterion which to-day I have still greater reason to 
maintain—this is, that one must reckon as recurrent 
every case of fever which repeats itself in the same 
individual from the July of one year to the end of 
June of the following year, or during all the cycle 
of the same yearly epidemy. It is true, perhaps, that 
some of the consecutive attacks may be also due to 
a new infection in the same patient, for example, 
when the asstivo-autumnal fevers are seen to follow 
the spring forms, or when the tertian passes into the 
quartan; but still in such cases a mixed or double 
infection may have occurred at the beginning, and 
in the relapses one species of malaria is extinguished, 
the other survives. So that, all things considered, 
by reckoning the recurrences by the method I have 
mentioned, a minimum of error results. 

One must also note separately the sub-continued 
fevers, so as not to ascribe to malarial infections the 





• ECONOMIC LOSSES 


17 


that, as we shall see, are the source and carriers 
of this infection. 

Nevertheless, the maps already published are 
very useful, because they demonstrate the frightful 
diffusion of the malarial scourge in Italy, attract the 
attention of the public authorities to the urgent 
necessity of providing a remedy, and, when this 
is done, give the most certain mode for estimating 
its salutary effects. 

From time to time in the various localities where 
malaria is endemic, the disease becomes epidemic 
and even pandemic; this occasionally occurs in 
places where it had not been prevalent for some 
time. We had an example of this in the province of 
Rome in the year 1879, when a true malarial pan¬ 
demy raged. 

From the statistics of the causes of death, from 
1887 onwards, the following table is compiled : 


Table II.—Mortality from Malaria in Italy. 



ECONOMIC LOSSES 

The foregoing figures tell us that the mean mor¬ 
tality from malaria in Italy is about 15,000 victims per 
year, a number which in these latter years tends to 
diminish, but it is still very high when we remember 
that it is a disease for which there is an efficacious 
specific remedy, and the mortality from which is 

c 






18 


EPIDEMIOL 0 G T 


therefore very low—as it was, for example, in 1890 
here in the hospitals of .Rome, being 7'7>'» p< r thousand 
of Lite patients suffering from malaria. Calculating 
from the number of deaths tile number of patients, 
we arrive approximately at about; two million oa-es 
aye ar. The mean duration of a malm ml infection, 
which usually recurs, is generally long. On occasions 
it may continue for years. The loss 1 of labour and of 
production, and the expenses entailed in dealing with 
this disease, consequently amount to several millions 
of francs. If we add that tire average life of the. 
worker in malarious places is shorter, and the infant, 
mortality higher, than in healthy places, we get a 
somewhat proximate idea of the financial losses that 
this scourge causes to our country. -Because, if we 
calculate that, owing to malaria, about 5.000,000 
acres of land and very many localities, as. for 
instance, the Agro Romano, remain not uncultivated 
but certainly imperfectly cultivated, tin. economic 
loss derived from it must undoubtedly be enormous. 

The great railway industries also feel it very 
much. According to the very accurate calculations 
of Ricrhi. the Adriatic Railway Company alone, for 
1,400 kilometres of railways and for 6.410 workmen in 
the malarious zones, spends, on account of malaria, 
alone, the large sum of 1,050.000 francs a year. 

The army in its turn, from 1877 to the.end of 
1897, has had more than 300,000 (about 322,678) 
cases of malaria. 

Finally, a certain correlation exists between .emi¬ 
gration and malaria in- the sense that the regions 
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where this pestilence is most prevalent (Basilicata, 
Calabria) are those which contribute most largely to 
permanent emigration. 

To sum up, one can therefore positively assert 
that malaria annually costs Italy incalculable treasure. 

ETIOLOGY 

The etiology of malaria presents very special 
characters that differentiate this disease from all the 
infective diseases of bacterial origin. 

It is not easy to form a clear conception of the 
conditions which relate to the etiology of this disease 
unless we enter to some extent into the fields of 
zoology and comparative anatomy, because we are 
in the presence of a parasitism produced by the 
class of Protozoa and more especially of an order of 
this class called the Sporozoa. 

Order of Sporozoa. —These parasites are repre¬ 
sented by true and proper cellular elements, which 
consist of protoplasm, a nucleus, a nucleolus or 
karyosoma. They have the characteristic of living 
at the expense of other cells, that is, of being true 
endocellular parasites or cytophages. They have 
also an amoeboid phase of life, during which, in the 
absence of a cell wall, they are animated by character¬ 
istic protoplasmic movements. In line, they multiply 
by spores, hence their name. 

There are many interesting species of this order 
of sporozoa, which is subdivided into various sub¬ 
orders ; but we shall only mention those which will 
give us a clear idea of malarial parasitism. 
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To the svb-order of Microspovidui belongs ■ a 
sporozoon which in the silkworm is the cause of the 
diseisi ullul pelunie . . 

Cuiuiliah s ilisroveied it, anti it is after him that , 
cert mi coijiwihs aeie named., These are nothing 
bat spores ol an oval form, endowed with great, 
refrarunbility and. provided with a resistent.capsule 
which, at complete maturation. opens, and permits an 
amoeboid body to escape, which, once free, acquires 
a round form, and multiplies by dividing into spores, 
and these, in their turn becoming free, recommence 
the if.athn Jif< m the epithelial cells of the walls 
ot the stomw'i of the silkworm. This evolutionary 
(•vek w ufin luulv simple. Other parasites of this 
order live in Anhropocl-a.. for example, in mosquitoes, 
and in tishes. 

To the sub-order of Sarcosporidia belong those 
sporozoa which complete their parasitic life in the 
substance oi striated .musole-fibre. We. however, 
know only one phase of their life history, that in 
which they present themselves as saccules full of 
spore* which have the form and name of falciform 
corpuscles. But what happens to these corpuscles, 
and what the antecedent and final phases of-their 
development may be-, are still little known. - ■ 

e know that such endomuscular parasitism is 
very common in the frog, sheep, hog, and ox: in 
this latter annual it is called. Miescher's corpuscles, 
which by their structure are. easily 'differentiated- 
from JYmhino spiralis. 

< >1 these spoiozoa those which appertain to the 



ETIOLOGY 


21 


sub-order of Coccidia are of most interest to us, both 
because they give rise to infections (coccidioses) not 
only in domestic animals (rabbit, cat, mouse, ox), but 
also in man (thirteen cases—some of these are doubt¬ 
ful, and two fatal), and because their study has 
opened the path to the modern knowledge of malarial 
parasitism. 

As early as 1882 R. Pfeiffer found in these 
Coccidia a dimorphism, or an alternating generation, 
with two evolutionary cycles: the one endogenous 
and asporular, which determines the reproduction in 
the tissues of the hosts; the other exogenous and 
sporular, which permits contagion and ensures the 
conservation of the species. It was Schaudin, 
Simond, and Siedlecki wl\o subsequently described 
very exactly these two cycles of life. 

To fully understand them it is necessary to 
familiarise oneself with the special zoological nomen¬ 
clature that is employed. 

The cells of the protozoa which have the faculty 
of uniting are called gametes. These gametes are 
already differentiated into two sexes: the larger 
gamete, or macrogamete, represents the ovule or the 
ovoid as it is called; the smaller gamete, or micro¬ 
gamete, represents the spermatozoon or the spermoid. 
The cell from which the microgametes are derived is 
called microgametocyte ; the female and the male, 
that is, the ovoid and the spermoid, fecundating, 
form a zygote from which the resistent cystic stage 
is derived, so that in all the coccidia the sexual 
phenomena precede this stage. This zygote is con- 
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verted mto a cyst fsporooyst) which in its turn 
becomes rilled with spores (sporoblasts), from which 
the sporozoites, that is, the cells capable of recom¬ 
mencing the ejulocellular parasitic cycle, are derived. 

And now we shall follow briefly the first re¬ 
searches of Scbaudin. on the AdeUa. (fig. 4 a-e). 

The parasite which is found within an intestinal 
cell hcen.is to undergo modifications: the karvosoma 
or nucleolus of the nucleus breaks up, and the 



chromatin is diffused in the protoplasm, so that 
many centres of chromatin are formed (fig. 4 a). 
The cell proloplasm subsequently divides up and 
arrange* itself around these centres of chromatin 
(fig. 4. u). Finally each of these particles becomes 
an elongated falciform corpuscle with a nucleus 
and protoplasm, and thus (tin. 4 e) a body is 
formed by a mass of these corpuscles which are the 
macrogametes. The cells that produce the micro- 
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that is to sav, tliev are true spores, winch mar take 
on an extra-cellular life, until lodging. for example, 
in the intestinal tube, they emit, the sporozoites 



that pen Hate the u ills of the cells of the host and 
recommence llieir cntlocellular parasitic.life. 

Schaudm lias observed other very interesting 
facts relative to fecundation in another eoccklium 



belonging to the genus Eimeria (fig. 7 a-e). Ill this 
genus there is also seen a polynuclear body, brist¬ 
ling with many nuclei loaded with chromatin. From 
these we pass to the formation of very motile proto- 
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pjasnnc bodies (list. 7 B) that,, are t-lie spermoids; one 
of them penetrates (tig. 7 o) the ovoid, and irom the. 
fecundated gamete or zynote are subsequently formed 
cysts containing the falciform bodies which represent 
the sporoblasts (fin. 7 i>-E|. 

(similar (acts have been move accurately studied 



by hiedlecki in another coccidinm, the IUossia 
octopuma (hit 8 a-k). This coceidium, within 
tile cell where it lives, usually undergoes division 
of its karyosoma (tig. 8 A-B) into numerous 
minute bodies, and the chromatin is distributed in 
as many centres (fig. S c); in each centre nuclei are 
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formed, which develop - into a mass of spermoids 
(fig. 8 u- 13 ). On. the Other hand, from the ori-f 
trin.il c-ell, other cells are differentiated that represent - 
the oVoids which subsequently will be fecundated 
(fig. 8 p_g). A spermoid enters the ovoid; the entire . 
cell mass becomes filled with many centres of. chro¬ 
matin (fig. 8 u), from which, and from each one of 
which, bodies are formed that represent the spores 
(fig. S 1 ). That is, one lias finally the formation of a 
cyst, containing falciform corpuscles (fig. 8 k) or 
sporoblasts which subsequently form the' sporozoites. 
From these latter recommences the phase of intra¬ 
cellular life in which the two gametes ensure the life 
of the parasite only within its host. 

On the contrary the phase of life that begins 
with fecundation and terminates with the formation 
of sporocysts, sporoblasts, and sporozoites, is more 
resistent, and more complete, inasmuch as it is that 
which ensures the conservation of the .species in the 
environment and permits the. diffusion of the 
contagion. ' 

Having understood these few zoological facts 
that have thrown so. much light on the study of the 
etiology of malaria, we. shall now proceed to study 
the parasites of this disease, which' Metschnikoff 
in 1S87 intuitively perceived were closely related to 
the eoccidia, and which were move correctly de-' 
scribed by P. Mingazzini as appertaining to a'special 
sub-order of spoimoa. that are called-the Hiemo- 
sporidia. . 

Sub-order of Ilwmosporidia .—The general oliarac- 
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ters common to the sporozoa of this sub-order were 
defined by myself and Sanfelice in the following- 
manner :— 

1. Life at the expense of the red corpuscle. 

2. Cellular structure, with a nucleus provided 
with an abundant quantity of chromatin. 

3. In the blood a cycle of life is subdivided into 
two phases: the one phase endoglobular, which 
undergoes endogenous multiplication by gymno- 
spores or amoebuhe or sporozoites without previous 
encystment; the other phase that ends by becoming- 
free in the plasma. From this latter phase is in¬ 
itiated, as we shall see, the cycle of sexual life within 
a dipter or an acarus. 

4. Marked inoculability from animal to animal of 
the same species and variety. 

Among the distinguishing characters we note the 
reduction or non-reduction of the hcemoglobin into 
melanin, the stage of ainceboid activity more or less 
clear and persistent, the duration of the life-cycle in 
the blood; and we can also add the manner in 
which the life-cycle is completed in the definitive host. 

The sub-order of hieinosporidia is subdivided in 
its turn into two families, these into genera, and these 
genera into species. As, however, the genera and 
species are not yet complete, and the various names 
may cause confusion, I prefer to speak of the different 
kinds of malaria met with in various animals, indi¬ 
cating for each the diverse parasites up to now found 
in their blood. We begin with 
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the parasite has attained its greatest size it occupies 
more than half of the corpuscle and bends round 
the nucleus, even sometimes surrounding it (fig. 
10 p-ri). Frequently, however, when the whole 
of a. red corpuscle round tire nucleus is invaded, it 
consists in reality of two or three parasites which, 
growing, have come into contact with one another 
(tig. 10 i). The phase of e.ndoglobular life must 
terminate with asexual multiplication ; this, however, 
is not yet fully known. Beside fire eurtoglobujar 



forms there are the gametes or the free forms 
(fig. 10 k-p) iu the plasma, which are frequently seen 
attached to the nucleus, the residue of the destroyed 
red corpuscle. Some of these free forms emit 
flagella or spermoids. 

In the lark (Alauda arvensis) the parasites (fig. 
11 a— si) have a rapidity of development and a size 
intermediate between those of tire ringdove and 
those—as we shall sec—of the screech-owl. They 
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spermoid can be detected. Such fecundation was 
first observed by MacCallum (see fig. 13 a-f). This 
author has distinguished the female forms or macro¬ 
gametes from the male forms or microgametocytes ; 
the former (fig. 13 a-c) are a little cloudy, refractile, 
and contain fine pigment granules; the latter 
(fig. 13 d-f) are almost hyaline, and contain coarse 
pigment granules; from these protrude flagella or 
sp'ermoids, one of which the author has seen pene¬ 
trate and fecundate a macrogamete (fig. 13 c). 

After this fecundation the second life-cycle of 
the haemosporidia of birds commences. Major Eoss, 
of the Indian Medical Service, at the suggestion of 
Manson, the celebrated parasitologist, who had 
already described the life of the filaria in the body 
of the mosquito, made mosquitoes (Culex pipiens ) 
bite infected birds, and by systematically dissect¬ 
ing a mosquito each day, of those which had 
bitten the birds, he discovered the phases of the 
life-cycle of the htemosporidia in that insect. 

We shall now proceed briefly to describe the 
development of what we may call the cycle of Eoss 
(fig. 14 a-f). On the first day there are only the free 
forms, many of which have protruding flagella. It 
is very probable that if fecundation has not already 
taken place in the body of the bird, it takes place 
now between the spermoids and the ovoids in the 
middle intestine of the mosquito. On the second, 
day (fig. 14 a) these forms become more spherical 
and begin to show a capsule, that is to say. 
they are transformed into cysts. The contents still 
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show pigment; vacuoles and retractile granule* 
appear m the protoplasm. On the third dav 
i ; g 14 u) the vacuoles and the retractile granules 
increase; on the fourth day (fur. 14 c) the costs 
appear larger, the vacuoles have increased in number, 
and the granules ol pigment are still seen. Succes¬ 
sively (her. 14 e-f) the ci'sts continuously enlarge, the 



so-called vacuoles become larger, some round, others 
ovoid; in the protoplasm there remain undivided 
bodies called residual nuelei or nuclei de reliquat. 

Between the fourth and the sixth days Boss gives 
a figure (fig. 14 i>) which should have been put last, 
inasmuch as the vacuoles are elongated in the form 
of sporozoites. 
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Eoss has not described the filial stages of develop¬ 
ment so accurately as it has since been followed in the 
mosquito infected with human malaria. He has how¬ 
ever observed sporozoites in the salivary glands of the 
mosquito, and has seen that the infected mosquitoes 
infect healthy birds. He has thus arrived at the dis¬ 
covery, confirmed by Koch and by us, of the trans¬ 
mission of malaria to birds by means of mosquitoes. 
To sum up, the perfect hamiosporidium is that seen in 
the mosquito, which therefore represents the definitive 
host of the parasite, while the bird is the temporary 
host, because in its blood the asexual life only of 
the above-mentioned hamosporidium develops. 

MALARIA OF MAMMIFEKS 

The first hamiosporidia of this form of malaria 
were found in oxen. In the places where human 
malaria prevails, especially severe malaria, there also 
exists bovine malaria which attacks preferably 
imported breeds, but at the same time does not alto¬ 
gether spare the indigenous ones. 

In the Agro Romano it is a vert' old disease, 
which was formerly comfounded with hfemorrhagic 
infections, and particularly with anthrax; and it is 
only lately that it has been identified by us a> 
malaria. Owing to the frequency of haunoglobiuuria 
in the Roman Campagna, it is vulgarly called pm-io- 
sangue (bloody urine). The symptoms of the infec¬ 
tion are high fever and luemoglobiniiria. and these 
are followed by death, which sometimes occurs, in a 
large percentage of cases, in a very short time. 
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a special way {see Part II.—‘ Verification of tlie Dia¬ 
gnosis ’), we have seen that one of the two endo- 
globular bodies, frequently ring-shaped, is stained 
blue and the other near it is stained pink : possibly 
one has to deal with two forms already sexualty 
differentiated, namely, the- two gametes. 

Smith and Kilborne have demonstrated that this 
malaria is transmitted to oxen by the bite of a 
special tick, the Ripiceplialus annulatus, which is 
about the size of the head of a pin, and, after biting 
an ox and sucking its blood, becomes very large, falls 
off and subsequently lays an egg. The daughter 
ticks are capable of transmitting the disease, infect¬ 
ing other cows with their bites. This has been 
clearly demonstrated by Smith and Kilborne, and also 
confirmed by Koch. This tick, which is the definitive, 
host of the hsemosporidium of bovine malaria, is 
found everywhere in the countries where this disease 
prevails ; that of the Roman Campagna is identical, 
according to Grassi, with that found by Smith and 
Kilborne in America. 

In calves Kolle has found other endoglobular 
parasites, somewhat different from the preceding. 

In sheep there is a form of malaria, due to 
a parasite which was described by llonome and 
called amoebosporidium. In fact, it has an amoeboid 
stage more evident than that of bovine malaria, and 
also show's clearly the asexual multiplication in the 
circulating blood. 

I have observed a form of malaria also in the 
young lambs of the Roman Campagna. It is known to 
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the shepherds that yoimtr Iambs, feeding in marshy- • 
place,", arc subject to a .severe.and i; 1 1 3 1 amentia,, -which 
l.iv analogy wo may call malarial. Indeed, in the . 
blood, parasitic forms: are found- that closely resemble 
those of bovine malaria., Thai, it; is possibly identical 
may be assumed from die fact that n calf which was 
placed in a stall where one of these lambs lay dead, 
after eight days fell ill and died of the same infection, 
Moreover, in the Homan Cnmpagna they say that 
bovine malaria 'is contracted where diseased sheep 
have been feeding;. In sheep, therefore, there are very 
probably two species of malaria : the one of the bovine 
type, and the other of the type deSnribed-by Bononie. • 

Piatt a and Galli-Valerio have described -a form of 
malaria in pointers , and especially iiv those dogs which 
go from healthy places to hunt in malarious irrigated 
meadow-lands. In the Boman -Oampatma it has also 
been observed that the sporting dogs" which come 
from Lombardy become infected. 

The parasite of this malaria, of dogs is endowed 
with active amoeboid movement, but it assumes a 
pyriform shape, so that it resembles the para she of 
bovine malaria.- 

Possibly horses also are subject to malaria, 
especially those, brought, front healthy places. Cer¬ 
tainly febrile reactions have been described in horses, 
that, begin with a rigor and end with sweating. 
Precise observations of the blood of these cases, .are, 
however, still wanting. 

Lastly, Dionisi has discovered -and - described in 
pipistrels diverse malarial parasites, which most nearly 
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resemble those of man. Thus he has distinguished 
two large pigmented forms, which finally invade 
almost all the red corpuscles, and resemble the hmo- 
sporidia of the tertian and quartan fevers of man ; and 
a third, smaller and non-pigmented variety, which 
resembles some of the asstivo-autumnal forms of man, 
that is to say, it presents itself as small white spots 
containing particles of haemoglobin which have not 
been converted into melanin. These three forms have 
such a slow cycle of evolution that it is difficult to 
follow it to sporulation; the gamete phaseis, however, 
very distinct and persistent in the lethargic period. 
The definitive hosts of these parasites of sheep, dogs, 
and bats are not known. 

In the monkeys of Africa also, Koch has found 
endoglobular parasites, more recently described by 
Kossel. 

Endoglobular purasiticism is, consequently, very dif¬ 
fused in the animal kingdom, from the batrachia to man. 

HUMAN MALARIA 

It is known that Laveran made the first funda¬ 
mental discoveries of the parasites of malaria in 
November 1880. They, however, were not accepted 
by the scientific world until Marchiafava and I had 
demonstrated that the melanin which is characteristic 
of this infection was formed within the parasite, and 
had pointed out the resemblance which these bodies 
have in amoeboid movement and cell structure to 
the protozoa, and that they multiply by fission. C-iolgi 
subsequently demonstrated their cycle of endoglobular 
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lift: in tertian and quartan. f'.-v< rs. and wo demonstrated 
it in tlie severe ffislivo-autummil forms, 'in relation to 
the febrile period. We defined • exactly, from the 
clinical, epidemiological. and parasitic points of view, 
tire two fundamental .groups of fevers, ■ namely, the 
mild or spring fevers, and the severe or arstivo- 
autumnal fevers. And, together with Hanfeliee, I de¬ 
fined precisely the intimate analogies which exist, 
between all the parasites of the red corpuscle in 
their life within the blood, from the. batraelna to 
man. - 

We kno w to-day also that the. lueniosporidia - of 
malaria of man, like those of birds, have two life 
cycles: the one asexual in the blood of malarial 
beings, the other sexual in the body of special: 
mosquitoes. • 

The various htemosporidia, so long as thev are- 
in the blood of man, possess the following character¬ 
istics : active amoeboid movement: cellular structure, 
that is a nucleus and karyosoma- in the fresh-prepara¬ 
tion, and abundant chromatin demonstrated In special 
staining (.see Part II. : Verification of the Diagnosis): 
inoculability from -man to man, in the sense that 
the experimental inoculation of malarial blood from 
man to man always reproduces the finer, excepi 
iu some rare case, when, as. we shall see, one is deal¬ 
ing with an individual immune against this infection 

As in birds there are at. least ‘three species of 
these parasites, and in sheep two. so in man there 
are two for the-mild fevers, and one at least for the 
severe or jestivo-antumnal.forms. 
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Tlie spring quartan and tertian parasites give rise 
to the mild forms; the sestivo-autumnal tertian, and, 
more rarely, the testivo-autumnal quotidian, which is 
also called true quotidian, to distinguish it from that 
pseudo-quotidian which results from a double tertian 
or a triple quartan, give rise to the severe forms. 

The spring forms of the parasite are characterised 
by their slow development, in the red corpuscle for 
two or for three days, according as to whether they 
are the tertian or quartan; by the large size they 
attain in the red corpuscle, being able to occupy all 
or almost all of it; by the abundant pigmentation 
which appears early; and by the fact that the entire 
asexual life-cycle, from the invasion of the red cor¬ 
puscle to the multiplication by fission with formation 
of gymnospores or amoebulse, can be followed in the 
circulating blood. Both the tertian and the quartan 
parasites also present the life-cycle, which eventuates 
in the presence of large pigmented bodies free in 
the plasma, which in man are unable to proceed to 
their final stage of development, but are the 
beginning of a further phase of life, that is, the 
sexual life-cycle which is completed in the mosquito, 
and are now called gametes. In man these free 
forms have a nucleus which is sometimes visible 
even in the fresh preparations; some of them 
emit filaments that formerly were called perfect 
parasites by Laveran, flagella by us, agonic forms 
by Grassi and Feletti, and now are called micro¬ 
gametes or spermoids. Those which emit these sper- 
moids are the male free forms or mierogametogens 
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8 . The amoeboid movement, is very active; the 
changes in form of the parasite are quite apparent, 
and, while watching it, pseudopodia can be seen to 
be rapidly protruded and retracted. 

4. The pigment consists of, fine granules which 
move actively. 

o. Towards the end of apyrexia, the -pigment, 
tends to collect in the centre,.-aud multiplication 
begins. The number of amiebulfe is generally 
greater than in the quartan, consisting of froth12 
to 20 (fig. IT ii;. 

As a differential characteristic between the para¬ 
site of the spring tertian and of the quartan one also 
observes that the gametes of the tertian (fig. 17 i-k) 
are much larger than those (fig. l(ii-K).of the quartan. 
It is probable that slight differences exist also in the' 
final development which tabes place in the body of 
mosquitoes. 

The parasitic forms that give rise, to the severe. 
ajstivo-aulumnal fever are principally those of the 
mtivo-autimnal tertian, which, has been well differen¬ 
tiated from the .mild or spring tertian by Marchiafava- 
and Bignami and confirmed by Koch. ■ . 

The arstivo-autumnal htemosporidia (fig. lbv-v) 
are very different from the spring ones: they are 
much smaller, occupying, as a rule, not more, than 
a fifth or a quarter of the red corpuscle. They 
have very active amoeboid movement. The pigment 
consists of very fine, almost'invisible granules. 

The parasite also changes its position in the, red 
corpuscle, and disappears and reappears out of 
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])Ii!-ation, collectsin Use. internal organs. where fission 
into nmo.-buhn or gymnospores takes place. 

In 1 lie cmuibmm* IjI/wk!. however, one stss suffi- 
eicmlv oilen, whatever Koch may say, the round 
pigmented forms, with scattered. grannies. and a par¬ 
ticle of black pigment jn the centre, winch precede 
fission, hut the fission forms are hardly ever^een : so 
that, to see ihe curin' t is* jcrmJ hie-eyele it, is necessary, 
to puncture the spleen during life, or examine, 
the blood of the spleen, liver, bone-marrow. or 
cerebral capillaries after death. Jn cases , >f comatof-e 
pernicious fevers, which are ihe most fVerjitenr with 
us, we find the capillaries of the brain full of these 
parasites, pigmented or m nsston ; sometimes not a 
single red corpuscle in these capillaries is spared. 
It gives rise to a true parasitic thrombosis of the cere¬ 
bral capillaries, the observation of which readily ex¬ 
plains the severe cerebral symptoms that we see in 
many cases of pernicious fevers (comatose, soporous, 
bulbar, apoplectic, meningitic. Ac.), 

This form of tertian is also called malignant, inas¬ 
much as it may become malignant, the paroxysms 
being prolonged and approaching one another till it 
simulates a continued fever and becomes sub-con- 
tinned ; ii is also called restive-autumnal tertian, be¬ 
cause it is observed only in the summer and autumn, 
never in the spring. Indeed, it, is known among its 
that the spring fevers never give rise to a pernicious 
fever. A double tertian, or a triple quartan may give 
rise to at most the apparently quotidian fevers with 
anticipating attacks, but never to pernicious fevers, ■. 
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Only the asstivo-autunmal fevers, therefore, if 
they be not treated early, become pernicious. 

In the asstivo-autumnal tertian some forms are 
also observed in the blood, very rapidly altering 
the red corpuscle, which becomes shrivelled, 
spinous, smaller, and of a darker colour than the 
others—similar to that of old brass. It is an early 
necrosis of the red corpuscle, which has lost its 
elasticity. To these altered corpuscles, each of 
which contains an sestivo-autumnal parasite, Marchia- 
fava and I have given the name of brassy ( ottonati ) 
red blood-corpuscles , to- indicate their colour. This 
early necrosis of the red corpuscle demonstrates the 
greater perniciousness of this parasite towards the 
red corpuscle. 

The red corpuscles, in asstivo-autumnal fevers, 
may be altered or destroyed by limmolysis even 
without being invaded by the parasite, and then one 
sees that grave symptom hsemoglobinuria, which is 
very frequent in severe tropical malaria, rarer in the 
Roman Campagna, where, as we have seen, it is more 
commonly met with, in the malaria of other mam- 
mifers. 

In this Eestivo-autumnal tertian, while the life-cycle 
that leads to asexual multiplication develops (fig. 18 
a-m), other forms (fig. 18 N-v) appear, which become 
the so-called crescents of Laveran, that is parasites of 
a crescentic shape with nucleus and witli the pig¬ 
ment collected m the centre. It is sufficient, to 
see one of these crescents to be certain that one has 
to do with an sestivo-autumnal fever. They may 
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become ovoid. fusiform. or round. ;iomc. ol the round 
Co mix emit ilatmlhi, which, Grass] and Bionisi now 
call himoMi'i id -iiariiiniiK: tjnv are -always 
ir-Sf numerous bum in the free forms or - miero- 
g.-inicloueiis ot ihc spi'iny u-rtum. 

A. leus/thenod discussion has taken place concern- 
iii« the significance oi these crescems. Cnnalif 
believed ho had seen them m spendation, which,, 
however, was only the vacuolization ol the proto¬ 
plasm. In .188!) I and (xuarnieri demonstrated 
diem abundant chromatin, and I compared them to 
t K I tleifoi in corpuscles of coocuha. These forms may 
rnmam m Tv i ne nl.il'ey blood and in the blood 
spue-, of the vim-eia—that is, in the spleen, and 
especially in the bone-marrow—for whole .months, 
without. benuT lebngenous, even when the endoglo- 
hulav forms of the parasite, have disappeared. In 
the human oraimem, therefore, they appeared to be. 
and m f ml ai e. terilo. 

Besides some of the crescent bodies, Guarnieri 
and I have described certain minute bodies, that we 
can now compare to the polar corpuscles which are 
emitted before fecundation, it- being known that in the 
reproduction of the protozoa a part of the chromatin 
of each gamete is expelled before conjugation. 

But it is only since the latest studies on the eoccidia 
that the true signification of these crescents, aiidof the 
flagellated bodies which are derived from them, has 
been fully understood. Here, also, we can' now 
say, we have female and male forms, the macro- 
arid micro-gametes : the latter or spennoids are the 
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flagella that are emitted by the above-mentioned 
bodies of the crescent phase ; the macrogametes are 
spheres which await fecundation by these spermoids. 
Fecundation may, as in birds, occur in the blood of 
man after extraction; but it certainly takes place in 
the stomach or middle intestine of the mosquito that 
has sucked human blood containing the hremosporidia 
of this phase. 

In fresh preparations the young forms of this 
sexual cycle, or the young crescents, are, according 
to Bastianelli and Bignami, the size of a non- 
pigmented amoeba with a distinct contour, and a 
strong and very characteristic refrangibility; the 
pigment disseminated or massed has always, however, 
the typical needle-shaped appearance, which is seen 
in the adult crescents. 

By special staining the protoplasmic body is 
stained a more intense blue at its periphery, and the 
pale central part contains the chromatin in the form 
of minute rods more or less near one another. 
These, with the growth of the crescents, increase in 
number, while the pigment collects towards the 
centre, hiding the part containing the chromatin, or 
the nucleus. They are afterwards differentiated into 
the two sexes. 

The male bodies, that is, those which emit micro¬ 
gametes or spermoids or flagella, become round, their 
nucleus does not exhibit a definite outline, the 
chromasomes or nuclei migrate to the periphery of 
the parasite, and from each of them originates a 
long thin filament; the protoplasm also takes pari 
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in tin- formal mu m she ..spermoids summuilrog the 
filmuml ot mm iin-n m. so ihal ij k- rnicrogn.meU; or 
■ pf i'jridid i on' >f i utie.'id ni'ciiromatm surrounded 
by a halo oi omfojiin.si.n. 

The !o- liudite or maorogamctes, oii the 
eyn'rarv. iiii''rti?r\o die orescent or spindle-shaped 
luryn louder : iIn.- chromatin les.s in amount, is 
.situated in tin- centre of the. nucleus, and. has tins 
shape o! a tyrannic: the nucleus is surrounded by 
the piiraienr. and tin; protoplasm is stained a darker 
I line. ■ iso f.hnt, tin- special stauiiiiir also tends fo 
demonstrate the diverse function these two species 
oi ere,scent bodies possess. 

In cmirhisinii. thi* hvemospondinm of severe fevers 
also has. a.s we have seen 1j> he. the ease in the 
h.amwspondm of birds, and. in the hcmiosporidia of 
the sprin/t fevers, tiro emirs <f development, that is. 
one asexual, m the hhod of' man. the other sexual m 
She nuddle intestine of spmul mostpnfoes. 

.That the quartan, the spring tertian, and the 
test] vo-antunmnl tarn an tire distinct, parasitic forms 
can also be demonstrated by (die innculatiou of 
malarial blood from diseased man to healthy man. 
Tire inoculation of a mimnnnn dose .of malarial 
blood, much less, titan a drop—even a puncture 
made with the needle of a Pravaz syringe stained 
nnh malaria] blood, is sufficient to reproduce not 
only the lever, but even the febrile type together 
with die species of haanosporidia which is inoculated. 
A ecordmy to Ba.slianelh and liisjnami this constancy 
of spec toss is mm manual and recognised also in the 
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A w>‘11-known rimnicfic, of malarial fevers is 
the liatiililv 10 ri’i'm-micp# [rw.vlive), which may 
jji i n fjiMiloj months, sorncthiitw for a voar, .and 
event lonui.T. 1 low arc these recurrences explained ? 
Jt is difficult io say; perhaps they depend on forms 
resultin'./ Jvom a wind multiplication. that remain 
inn n -mite viscera—possiblv in the bone-marrow—- 
;uid from nmc to tune, invading' anew the blood, 
give rise to mm '"jii.afioris of the asexual cycle. 
Both ' in inikl and in severe levers, one ran have 
recurrences even at low* inten ah—nfu i thri >• or 
four mouths and more, botnet tines in the intervals 
in I he mslivo-autuinual levers, t he crescents are 
observed in the circulating blood, even in cases 
which have been treated ■ with bin- doses of quinine, 
so that, (folgi had erroneously believed that these 
crescents represented the germ oi recurrent fevers 
with long intervals. The spring levers also hare a 
tendency to recur fur a Ion/ tune, and with such 
long intervals.' even of several months, that they 
mimic the primary infections. 

it is certain, then, that patients suffering from 
asslivo-anlumnal malaria can contract mixed infec¬ 
tions ; and as, in the course oi' the winter and spring; 
recurrences, the first to disappear are the severe 
fevers, we find, in those places where in the summer the 
iustivo-au annual fevers only prevail, in the spring they 
are no longer seen, or the fevers only prevail, which 
for this reason precisely we have a potiori called 
spring fevers. . 

Two other fundamental and characteristic facts 
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Thinking that tins' quantity of serum might have 
been too small, we concentrated 260 c.c. of it at a 
low temperature, to a small volume, in the excellent 
vacnumapparat of Miirrle, and we injected it. into the 
veins and under the skin of another little child. ■ 
Not one of these serums nor'25 c.c. of serum ob¬ 
tained from a small bleeding in a ease of very severe 
comatose pernicious fever produced pyrexia,-but b 
only, and that not always, a. slight, rise of tempera-'• 
ture which one observes after inoculating a certain; 
quantity of serum of a healthy person.. 

Consequently, up till now, tee have not been able to 
demonstrate a pyrogenic malarial tocsin in the serum of 
the blood of those suffering from, a malarial attack. 

This toxin may be shut up in. the blood cor¬ 
puscles. Well, we hare centrifugulised the blood 
directly ft. was extracted from persons in the febrile . 
period of malaria; we have collected the corpuscles 
from the bottom of the tubes of the centrifuge, dried, 
pulverised, and then dissolved them in a normal 
solution of salt.- and inoculated the resulting solution. 
Again we had only a slight rise of temperature. 
Therefore not even within the corpuscles could we- 
demonstrate this pyrogenic, malarial toxin. • •. • 

We shall now proceed, to study the 
Cultivation of the Malarial Parasitrs x> Tin; 
Body of Special Mosquitoes.— Man, according to. 
Grassi and Dionisi, is the temporary, host of the • 
malarial parasite, and the, mosquito im delmithe 
host. In man the parasites may ..continue to repro¬ 
duce themselves for months and', years* butt their 
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complete or perfect life is the sexual one. This 
takes place in the body of the mosquito. 

Several other cases are well known in which a 
parasite completes its entire development in two 
diverse beings. 

It is well known, for example, that the armed 
taenia presents itself in the human intestine in 
its most perfect form, that is, the tapeworm, while 
its prior stage develops, instead, in the hog—that is, 
from the larva develops the vesicular worm which 
corresponds to the cysticercus. The adult form of 
the taenia echinococcus is found in the dog; the prior 
form, or echinococcus cyst, in the viscera especially 
of the hog, equines, cattle, sheep, and also of man. 

After what has been said on the biology of the 
coccidia, and on the cycle discovered by Ross for one 
of the haemosporidia of birds, it is easy to understand 
what happens to the parasite of human malaria 
within the special mosquitoes which are its definitive 
host, and which appertain, as we shall see, to the 
genus Anopheles. 

Perhaps in 1897 Ross partly saw the first stages 
of development of the aestivo-autumnal parasites in 
the body of a dappled-winged mosquito. But it is 
Grassi, Bastianelli, and Bignami who have given us 
all the details of the development of the ;estivo- 
autumnal and spring tertian parasitic forms in the 
mosquito, and the latter two authors also of the 
quartan. 

It is to be premised that, in the a;st.ivo-autumnal 
fevers, the formation of the gametes takes place in 
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the bone-marrow., where one sees all the stages of 
development. from the very small orescent,s to the 
yoimg. Those larger are seen, in the circulating 
hlood. 'lire niicrotrametocytes emit the apennoids. 
Within "(he first twelve hours, at shout 30° Cl., in 
(he stomae-li or middle intestine of rite mosquito 
that has sucked human hlood, and after the spermoid 
has entered the ovoid, and fecundation has been 
completed, zyaroles are seen which re«ull from tills 
fecundation, presenting very varied forms, and are 
< o-ily recognised by the black pigment characteristic 
ol the endoglobular cycle which they possess. 

These fertilised bodies migrate- between the 
epithelial cells of the middle intestine of the mos¬ 
quito, where they are found after- forty hours ; 
then the}" begin to project, into the general body 
cavity, and finally rupture into it. ' 

Before bursting, however, the final stages of 
development have taken plane, which are completed 
in seven or eight days, in a way very analogous to 
what we have seen when studying the cycle of Boss. 

Figures 19 a-g and 19 i-o represent the various 
stages of development—the first, fresh preparations ; 
the second, stained. ' 

They treat of forms which become continuously 
larger, eight to ten times larger - than those that 
are .seen in malarial blood, and they are surrounded 
by a membrane-like capsule. 

The chromatin of the nucleus increases,- divides 
and subdivides by direct division into manyihihule 
bodies, each of which becomes a'nucleus. Around 
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each nucleus the protoplasm divides, and one ob¬ 
serves an enormous polynuclear multiplication of the 
parasite which first was unicellular. Successively the 
protoplasm .round each nucleus elonpat.es,and acquires' 
a fusiform shape. Thus the formation of the so-called 
sporozoites takes place which (lip. 1!) o and o) are 
elongated or fusiform bodies, perhaps not less than 
10,000 in number, each of 'which has one Of more 
chromatin granules in its centre. 

As in the coccidia and in the hrmnosporidia of 
birds, here also are seen the residua of segmentation 
of the protoplasm, or the residual nuclei or wield 
tfc rcurpiat. 

The production of the sporozoites completed, the. 
<apMile I iiis<i uid tin >-p< loumos escape into tin 
general cavity of the mosnmms bodv. and bv the 
lacunar circulation they reach the salivary glands, 
where, thev accumulate in verv large, numbers. The 
mosquito, bitnur man, wuii its saliva inoculates Inin 
wnh a certain number of these sporozoites, winch.de- 
\doping in the blood of man, produce those asexual 
parasitic, srenenuiom that wc have already described. 

ror Urn spring tertian .Basbanelli and Bignami 
maintain that the zygotes. or the forms of the sexual 
cycle, are distinguished. m the liodv of mosquitoes, 
from those of the resfjvo-n.utnmual tertian. The Jim 
arc djilerentuited bv the round and nou-erescentic 
form of the sporozoon. i(.s transparent appearance, 
lit the character of the pigment being identical witn 
that oi the same parasites m man, by the nuclei hemp 
less numerous and larger, by the sporozoites being 
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less heaped, and dispersed more regularly in rays, and 
by the residua of segmentation being more numerous. 
So that this fact which is observed in the intestine of 
the mosquito is also in favour of the plurality of 
the species of haemosporidia of human malaria. In 
the quartan also, according to these authors, things 
are very similar to those of the mild tertian. 

The temperature at which the hsemosporidia 
develop in the mosquito’s body must be above 16° C.; 
however, the maximum temperature is about 30° C. 
It is probable that those of the quartan develop at 
a lower temperature, but this requires further proof. 

Be this as it may, it is now proved beyond doubt 
that the cycle of perfect life , that by which the species 
external to man is assured , is completed by the luemo- 
sporidia of human malaria in the intestine of the 
mosquito. 


SOURCES OF MALARIAL INFECTION 

Man is an undeniable source of infection, both 
experimental and natural. It is known that when a 
healthy man is inoculated even with a very minute 
quantity of malarial blood, it reproduces not only 
this infection, but also the type of the fever with the 
relative liamiosporidia. 

But from the point of view of the mode of natural 
infection, it is known that a malarial person can 
mix freely with other patients or with healthy indi¬ 
viduals without conveying to them the disease; to¬ 
day, however, we must add: provided there are no 
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mosquitoes present capable of biting him :md healthy 
individuals. 

The mosquito, the definitive Ihm of the malarial 
parasite, is the second source.of infection. 

That the mosquito was connected in some way 
with .malarial infection has been imagined, as We 
shall see, by many, but that it was the true, gourde 
of infection has been for the first time supposed ' 
by analogy with filamsis; It is known that the 
English parasitologist, Manson; and later our Sonsiiio, 
had found that mosquitoes sucked blood containing 
filarise at night, which develop ulteriorly in the, 
body of these insects. These subsequently die. m 
water, in which and with which are spread the 
germs of this disease to man by his drinking the 
infected water. 

By analogy, Laveran and Mansou thought. that 
something similar happened with malaria : the mos¬ 
quitoes sucked malarial blood ; the parasites, still 
more the above-mentioned flagella wluch were con¬ 
sidered as the perfect parasites, were cultivated in 
the body of the mosquito: this, dying, would infect- 
water, and man drinking this water-would contract 
the malarial infection. 

This is not so in reality, as we shall see ; but " 
thus arose, though by hypothetical and not exact 
premisses, the idea, that mosquitoes were the sources ' 
of malaria] infection. After the concepts and sug¬ 
gestions of .Manson followed the above-recorded 
studies of Boss in India, and then those of our 
colleagues Grassi, Bastianelli, and BIguami. 
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From tlie moment it was proved that certain 
mosquitoes were the culture medium of the malarial 
, germs in the environment, it became undeniable 
that these insects shared with man the property 
/ of being, with the production of this virus, a source 
of infection, which therefore circulates, so to speak, 
from man to mosquito, from mosquito to man, and 
so on. 

And here at once a very important problem 
arises from the epidemiological point of view: In 
this circulation or transmission of malaria by the 
work of mosquitoes is the presence of man really 
indispensable ? What has happened origiiiaily we 
do not know, neither do we know how and where 
the parasitic chain commenced which extends from 
the cysticercus to the taenia. 

But to-day, how does the case stand ? It is 
said that in some islands, with many mosquitoes and 
other favourable malarigenous conditions, but unin¬ 
habited, this infection has developed only after the 
arrival there of malarial man. Certainly if malaria 
could be transmitted independently of malarial man, 
the struggle against this scourge would be much 
more difficult; because in such case it would lie 
necessary to admit its hereditary transmission from 
mosquito to mosquito, and as long as ore of these 
mosquitoes survived in a locality it would be a tile 
successively to infect others, indelinitely perpetual- 
ing the infection. 

If, instead, a mosquito be not born infected, but 
is infected by solely biting a malarial person, the 
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prophylaxis against malaria will be much facilitated,- - 
anti, as w« s 3 l 1 a.ll see, the isolation of man infected 
hy malaria will acquire capital .importance. •- 

We have already stated that this hereditary 
transmission of the infection front tick to tiefc takes- 
place in lire malaria, of oxen. Boss. in the malaria of 
birds, has described in the body.of mosquitoes the so- 
called black spores . which he supposes to he .resisting? 
spores, the true resisting spores of the hasmospori- 
dimn of malaria ; but according to Grassi, JBignami. 
and Bastianelli, they in reality have to do• with a, 
process that leads to the death of the parasite, -that 
is, they" arc involution-forms or sporozoites or so- 
called residua of segmentation. Consequently they- 
are not other parasites of the mosquito, as Boss has 
recently maintained. 

Up till now resisting spores, developing, as in the 
cocoidia, by sexual life, from the haimosporidin of 
malaria, are not known, that. is. spores which are: 
resistent in the environment outside.the mosquito. 

Such hereditary transmission may. according to 
Grassi, occur in two ways : either the germ is un¬ 
doubtedly in the egg, and lienee passes to the larva, 
the nymph a, and the adult mosquito : or the', lame 
eat in stagnant waters, with the various detritus, the. 
remains of the body of the infected mother mos¬ 
quitoes, and thus they infect themselves in their 
turn. 

Well, with mosquitoes, experiments, similar to , 
those made by Smith and Kilbome, arid later, by Kocli, 
with ticks and oxen, can be repeated, that is,'making 
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mosquitoes bom of infected mothers bite healthy men 
in non-malarious places ; but these experiments, re¬ 
peated here in the Santo Spirito Hospital and in the 
Laboratory of Comparative Anatomy, have given 
only negative results. 

So that up to now neither morphologically nor 
experimentally is it possible to demonstrate the 
hereditary transmission of the infection from 
mosquito to mosquito, neither bj’ the eggs, nor by 
the larvae which have eaten spores. We do not 
as yet know resisting forms or forms capable of 
living in the environment, external to the body of 
the mosquitoes. 

Where malaria exists there mosquitoes abound ; 
but, vice versa, malaria does not exist in every place 
where mosquitoes abound. This fact has been 
explained by Grassi, who has undertaken an ac¬ 
curate study of medical zoology, searching for 
mosquitoes in all Italy, both in the malarious 
and in the immune districts ; and he has demon¬ 
strated that in the malarious districts there live par¬ 
ticular species of mosquitoes which are absent in the 
immune districts. 

Of the European Culicidce very numerous species 
exist, which have been described by ancient and re¬ 
cent authors, frequently insufficiently or confusedly. 
Ficalbi, Professor of Zoology in Messina, has recently 
brought a little more order into this chaos, rejecting 
many species, describing accurately others, and ac¬ 
cepting the three genera admitted by Meigen in 1 SIS : 
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places—transmit human malaria is not probable ; 
it is likewise improbable that other insects which 
suck the blood of man and^f other animals, such 
as the genera Ceratopogon, Simulia, Phlebotomus, do 
so. The extensive experiments made with this last 
by our colleagues up to now exclude it. The same 
''may be said of similar experiments made with that 
minute insect, very common here in the Campagna 
before the dog-days, that is, the so-called s&rapica 
(midge). 

It remains to be seen if also the non-pigmented 
species of parasite, which are rarely met with in 
man, more frequently in the pipistrel and other 
mammifers, are transmitted by the agency of the 
mosquito, or, as Gras si supposes, by that of a.n 
acarus. 

Neither is another question, very interesting from 
the epidemiological point of view, definitely solved, 
namely: Can animals which, like the pipistrel, have 
Inemosporidia very similar to those of man be a 
source of human malaria ? Dionisi, who has studied 
them carefully, inoculating them in man, after an 
incubation of 15-20 days, has seen intermittent, 
febrile attacks arise ; without, however, parasites in 
the blood, and, in one case, not even in the spleen. 
Adding some morphological differences and the im¬ 
possibility of cultivating them in mosquitoes, we 
have sufficient evidence to say that human malaria 
is not connected with that of pipistrels. 

It was also interesting to investigate whether in 
the mosquito a spontaneous cure of its malarial 
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infi'c-i inn ;iiid n •consecutive innumufy take place by 
Mir a.'j' i !i'.v of antagonistic substances or of other 
:uu agonistic p::raM.u/s & l,p Mil now, however, 
nollting ol all i.lii.s Ii.'ik Tictu demonstrated. 

In am 7 e.-w i.he ancient theory by which malaria 
was Hied as Miiy i.he most classic example, of a- dis¬ 
ease ot the soil. equal to and perhaps greater than 

Tin; perms of malaria external lo man. from what 
we positively know up till now. arid from what we 
have said up to now. do not live directly in the soil, 
but in the. body of the mosquito : and the soil as a 
source of injection takes a. secondary ami indirect 
posit ion. inasmuch as it Is favourable or not, to the 
life and development of the malaria] mosquitoes. 
1.1, there! ore. now passes into the category of the. 
indirect epidemic causes, that is to say. those which 
we will call respectively predisposing or ininnmking 
towards epidemics of malaria.. 

That the soil, was not jjer *•*; ..a source of 
malarial infection, or, in. other words, that die germs - 
of this disease do not live directly in the soil, even 
before these latest studies I. together with Dr 
Yalentim, had demonstrated by the very' diffused 
malaria of birds. If the perms of - this malaria were 
contained in the soil in the months of the greatest, 
diffusion of the epizootic, inoculating healthy birds 
with the earth of intensely malarious places would 
have reproduced the disease. We have experimented 
thus for a. whole year on the ringdoves which, in 
malarious places, in certain months, are almost all 
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infected. We selected nestlings that, with repeated 
examinations of the blood, were proved to be 
healthy; we kept them in a healthy place, and made 
very numerous injections, of earth from malarious 
districts, under the skin, into the veins, the peri¬ 
toneum, and the trachea; but we never reproduced 
"file malarial infection. 

Also with the amcebse cultivated from malarious 
soils and then inoculated in various animals I always 
obtained negative results. 

Moreover, Silvestrini at Sassari had previously 
inoculated men with the soil and water of malarious 
places with equally negative results. 

It appears, then, clearly that the hypothesis 
according to which it has been held by many, and is 
still held, that water is a source of malarial infec¬ 
tion, is not supported by experiments. Even Manson 
and Laveran, while making the mosquito intervene, 
adhered to this theory. Furthermore, Laveran from 
the beginning firmly believed that. he had found 
pigmented parasites analogous to those of human 
blood in marshy waters. 

But water also, be it even marshy or stagnant, 
must be rejected as a direct source and, as we shall 
see, a direct vehicle of infection. 

Water can be, and certainly is, as we shall also 
see, the place where the eggs, the larvie, and the 
nymphse of the mosquitoes, that afterwards become 
the source and carrier of infection, live. Con¬ 
sequently it also now takes its place among the 
predisposing or immunising epidemic causes. 
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LIFE OF THE MALARIAL G-EKMS IN THE 
ENVIRONMENT 

That is to sav: the life and habits .of malarial 
mosquitoes ni Hu nununment. This is a new and 
very 'interesting study, which is now being- followed 
with much activity, and was -commenced long agb- 
by Laneisi, who (Lib. L, pars 1 , cap. xvi. Ik oujcm 
paludum efflimiis , &c.) noted eulicum ingem- copda in 
palustribus locis, and was interested de culieum ortn et 
iramformatiom. . 

It is known that- mosquitoes live only in damp 
and low-lying places: they pass . through t their 
respective phases of egg, larva, nympha, and perfect 
insect or imago. In the stages of. -egg, larva, and 
nympha they live in water; the life of the perfect 
mosquito is altogether an aerial one. 

The gen ns Culeec lays eggs - which have the shape 
of a boat or a raft. Each boat consists of many small 
tubes placed side by side, from each of which is born 
a young larva. These boats are. deposited in stag¬ 
nant water, and are never found in swiftly 'running 
water: frequently they are attached to marsh 
plants on the surface of the water. The larva; 
have a life more or less long in these marshy 
waters, where they live, nourishing themselves with 
the organic detritus suspended in the water; From 
each raft of Cidex a. very large number, up to 200 
or more, of young larvas are born; this fact was 
knowm to Laneisi, who in the above book describes 
well the development of the mosquito and the ear tin- 
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dem fcecunditas mirabilis. Here among us, where 
the winter is mild, we always find the larvas of Culex 
in certain waters, even when shallow, and those of 
Anopheles in deep waters. From the spring onwards 
we see new generations of eggs, while the larvas are 
transformed into nymphas, and these, if the surround- 
lhgs be favourable, in a few days are transformed 
into the winged insect, leaving the nympha case in 
the water. 

The larvas of Culex are sometimes met with in 
enormous quantities in very muddy, and even putrid 
waters ; when they come to the surface to breathe 
they occupy an oblique position, with the head down¬ 
wards and the tail upwards; this is due to the fact 
that the single breathing tube in mosquitoes of this 
genus opens at the caudal extremity. 

In the favourable season the whole cycle of a 
generation is completed in thirty to thirty-two 
days; and, therefore, from April to the end of 
September there are ordinarily four or five genera¬ 
tions of mosquitoes. Ficalbi calculates that from 
a mother-stem in four generations two hundred 
millions may be born, and twenty milliards in five. 
Fortunately, however, there are natural agents 
which destroy them. 

The aerial mosquitoes live in damp and dark 
places. By day they hide under bridges, in caves, 
cellars, stalls, woods, and trees ; in the evening they 
issue forth into the open air, in certain places in 
veritable swarms, and, being hsematophagous, attack 
man and other animals. In the winter very many 
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(lie ; n. certain number, however. survive, hibernat-itm- 
in Avoods. the trunks of t rot--, holies.. cellars. stalls, 
and lints, remaining immobile or from time to time 
biting man. Ficalbi slates, that- in Sardinia-, and 
especially in. Sicily, they bite more or less■-during 
the whole year. 

In general only tlie females bite and suck blood, 
A T ery rarely tlie males. . 

The larvffi are phytophagous; the aerial mos¬ 
quitoes in the first period of life may also be- 
phytophagous, at other times they are immediately, 
or soon become, humiaiophagous. '1 

The Anopheles, according to Grass!, do not lay- 
their eggs in the form of a boat, but in the shape 
of a ribbon, or in many little strips (4. davic/er), 
each -strip consisting of from live to twenty eggs, or . 
in stellate forms (4. bifweatus ) winch float on the 
water, and on every slight movement separate. 

These eggs are deposited in sequestered places, 
generally in stagnant, or almost stagnant, clear spring 
waters, where there are very- fetv or no eggs or- larva 
of the genus OuUx. Not rarely, 'hthveveiy we' have • 
found -lame of the Anopheles in the same place with' 
those of the. Ciilex penicillins or annuhMs. Some¬ 
times, as in certain watercourses and rice-fields,- 
those of the Anopheles first appeared, and then those 
of the Culices ; at other times, as in a market garden, 
those of the Culices first appeared, and in enormous 
numbers, and then those of the Anopheles in much• 
more limited numbers. In general they are found in-' 
deep waters, and rrhen" the temperature is 


warm 
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also in superficial waters, always, however, in 
stagnant, or almost stagnant, clear waters. As a 
rule, the so-called ground waters, rising to the 
surface and running slowly (trenches or canals), or 
slowly renewed (lakes, marshes, ponds), constitute 
the best pabulum vitae of the Anopheles larvan 

These waters, having generally a constant 
temperature, are relatively warm in winter and cool 
in summer, and freety nourish what we shall see 
is the so-called palustral vegetation. The larva 
and nympha of the Anopheles are always isolated 
and are never found in such numbers as those of 
the Culices. 

They are immediately recognisable, and are 
distinguishable from those of the Culex, inasmuch 
as, besides being isolated, one bj' one, they have a 
zigzag movement, and when they come to the surface 
to breathe they always take a horizontal position, 
because their breathing tubes open directly and 
separately on the back. 

The variety of colours of the larva of Anopheles 
is original and characteristic. 

Figure 23 shows a larva and figure 24 a nympha 
of Anopheles, both enlarged about 3 diameters. 
The shape resembling the point of interrogation, 
and the lively capers which the nympha: exhibit in 
water, are known; and it is important to note the 
great necessity that the larva: and still more the 
nymphas have for air. 

The eggs of Anopheles clanger at 20°-25° C. 
require about 30 days to become perfect insects. 
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These after -another 20 days begin to lay eggs;'so 
that about. 50 days are required for each generation. 
In July and August, even 40-45 day'- may be sufficient. 
Meinert lias maintained that the mosquitoes 
of the genus Anopheles have 
two generations annually., one 
in the spring, the other in the 
sumnier. When the summer is 
hot, there are three generations; 
and then both the development 
of new mosquitoes and the Pm, 24. 
aistivo-autunmal malarial infec¬ 
tion are prolonged to hTovCmber, and even to 
December. Up till now, however, here among us it 
appears that the new generations of Anopheles follow 
one another irregularly from spring onwards, ac¬ 
cording as to whether the season is favourable or not. 

The aerial Anopheles may be haunatophagous 
directly they are born, and after they have-digested, 
the blood they bite more than once, about every 
two days, and ovulate several times. ' 

The claviger is domestic—that is, it. lives , and 
hibernates in houses ; the bifurcatus is wild—that is, 
it lives and hibernates in woods. •• . '• ., 

The fact, for a. long time known, that mnilaria is 
contracted especially in the evening and at; night is 
explained to perfection by the habit of the blood¬ 
sucking mosquitoes of biting especially in these hours. 
Thus also is'well explained the reason, why malaria 
is sometimes taken in the day,- sleeping, for example, 
in a malarious place, under a tree, or in A.grotto. - 




Pig. 23. 
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Just as the larvas have enemies—fish, for instance 
—so also the aerial mosquitoes have their enemies 
in birds, and certain dragon-flies, which feed on them; 
but, owing to their great fecundity, they are assured 
of an exuberant maintenance of their species. 

Both the larvae, and especially the nymphae, 
cfffer notable resistance to natural physico-chemical 
agents, for example, to the desiccation, chilling, putre¬ 
faction, saline or sulphurous condition, and movement 
of the water in which they live. Of the studies 
that we are making in this connection with Dr. 
Casagrandi, we can already give the following 
results —• 


Table III.— Resistance of Larv.e and Nympho (Gen. Anopheles) 
to Natural Agents. 


Desiccation at 20° C. 
„ „ 32-35° C. 

„ „ 38-40° C. 

Earth—very dry . 

„ saturated . 
Ice—discontinuous 


mixed with fresh w 



2 days | Survive 

1 „ | — 


. ! 4 days 

. j Survive 
. : 48 hours 

. ! 32 

. j 36-48 hours 
. j Survive 
. i 7 hours 

2 : 1 ' 13 „ 

1:1' 72 „ 

1 : 2 Survive 


Develop 


The larvae and nymphae of the genus Cider resist 
all these natural agents a little longer than those of 
the genus Anopheles. 

The above table shows that it is not necessary 
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lo have flu; soil always marshy to assure the life 
of the larva.! nml nvmpliin, an iniunnittont marshiness 
Iji'iii'j sufl'mient.. Tins is specially so for the mympha. 
Wo lifivii placed tlicsi' jiymplifc in very dry soil, that 
ih. the sand ol ihe Tiber ; and we have .seen them, 
almost all Iramlormed in a few days into very 
t< U\< mowuiitoes. Thus when the waters heeoni* ! 
shallow and the edues of (.he ponds or ditches 
remain uncovered, one .lias a favourable con¬ 
dition for the birth ol the aerial mosquitoes, 
because the nvmphaj. even if the soil become 
completely dry. develop in a few days into mas-. 

<1 nitons. This happens also in rieiwilelds, where, 
when the waters are let oil' for the reaping, 
there is in the suitable season a great diffusion of 
mosquitoes and also of malaria. Then if the larva 1 , 
remain in moist earth they do not bv any means 
die immediately. In our experiments they 1 sur¬ 
vived for lour days, and consequently the}' can 
await the water that comes to bathe them anew. In 
saturated soil tin lama '-urvive very well. On the 
contrary, in dry soil tliov die very quickly. 

Ice, especially if it be continuous, is certainly 
destructive to the lame; but those larvae which 
exist in clear and deep waters, where the tem¬ 
perature keeps relatively high, may survive with us 
even the'whole winter. 

Idle larvae of <'ulex resist both animal and 
vegetable putrefaction for more than 72 hours, 
and the imnplue develop into. mosquitoes in it. 
The lame of the Anoj/keles, however, eventually die, 
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particularly when the surface of the water is 
covered with a film of bacteria. This confirms the 
statement of Minzi, Colin, and Tommasi-Crudeli, that 
putrefaction in waters is not favourable to the 
development of malaria. It remains, however, to be 
seen whether the Anopheles cannot sometimes, in 
exceptional circumstances, adapt themselves to live 
even in muddy and slightly putrid waters. Grassi, for 
example, has found this unusual habitat of theirs, 
which Ficalbi calls foveal, very common in Grosseto, 
that is, in puddles and in receptacles containing dirty 
water, left to themselves, and we also have on one 
occasion found them in the muddy water of a channel 
in a market-garden. ' 

Salt waters per se are certainly not favourable to the 
larvae of mosquitoes. Lancisi had already seen it when 
‘ marina aqua . . . sola seu impermixta resident.' In 
fact, the nymphse develop even in sea water, while 
the larvae, both of fresh and of sulphurous water, 
die there in 6-8 hours. In mixtures of fresh and 
salt water, on the other hand, the larvae do not 
die for a long time ; this to a certain extent justifies 
the old opinion of the Tuscan medical school, 
according to which malaria develops from similar 
mixtures. Indeed, it is remarkable that the lame of 
Anopheles can survive in muddy waters, even when 
the sodium chloride reaches 2 per cent,—that is, 
almost as much as sea water contains. 

May they not have a progressive and gradual 
adaptation to living even in very salt waters ? We 
do not yet know. For the larva' of Culir.es il is 
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probable, since Fie-aJbi found on oiw occasion the 
larv;n of Culm numriysw even in saline*; for those 
of Anopheles an apposite study will bn made at 
Coma‘duo. ' 

We know, on the other hand, through our- ex¬ 
periments, that if the lame of Anopheles are put 
in sulphurous waters , which are. stick a prolific nest ' 
for those of the common mosquitoes, they succeed in 
living there ; they, however, up till now have not 
been found in the sulphurous waters, the so-called 
Albule, of Tivoli, from which, for our varions. - ex¬ 
periments, we have extracted thousands and .thou¬ 
sands of those of the genus Oulex. Nevertheless, 
they were found by Grass! in the sulphurous waters 
beneath Sezze, which, are weaker than those of 
Tivoli. 

The movement of water is hostile, as we have 
said, to the life of larvae These, therefore, attach, 
themselves to fixed bodies or remain near the banks, 
where there is little or no current. Having measured 
t-lie velocity of the current in the discharging canals of. 
our Campagna, I can say that: the maximum velocity:, 
of the water in a canal in which thelarvfe of Anopheles 
were found was 63 millimetres per second in the 
centre of the current. This canal was totally free of 
vegetal km excepting at its edges, where it was 
plentiful, as is always the case. 

These first- notions of the biology and habits of 
mosquitoes require to be completed ;• but- what we 
know already serves to clear up much regarding 
the epidemiology of malaria. 
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VEHICLES OF MALARIAL INFECTION ’ 

Popular experience among us has given a name 
to this disease which is universally recognised, and 
which tells us that the air must be its vehicle. We 
shall see how this fact, very anciently known and 
undisputed, must be interpreted to-day. 

But meanwhile we shall see immediately, by the 
light of epidemiology, what the laws are which 
govern the diffusion of malaria in the air. 

Of the various hours of the day, it is known 
that the most dangerous for catching the fevers 
are those, as we have already said, of the night, and 
especially of the evening. By day it is rarely 
that one, if he be awake, contracts the fevers in 
malarious places. 

It is equally certain that a focus of malaria has 
round it only a limited radius of influence. That 
malaria is autochthonous is justly maintained by 
all; it is the type of the local epidemies. Baccelli 
has rightly said that we trample upon malaria. 
In the Roman C-ampagna there are various centres 
sufficiently habitable, though sometimes near 
notoriously unhealthy places. 

From a focus of malaria can its diffusion take 
place in various directions, that is, in a horizontal 
direction, in an oblique direction from a low-lying- 
place to one more elevated, and in a vertical 
direction ? 

There are many examples which demonstrate 
that malaria spreads but little in a horizontal diree- 
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tian. A typical example of a small ehcumseribed 
focus is that described by MarcJualhva and ?padoni. 
iNeaj; Sinigaglia there-is a canal between the Biver 
Misa and the sea: the water stagnating there was, 
up till a little time back, the fomite- v of malarial, 
infection. The inhabitants of the nearest houses, 
and more especially of the houses with the doors ; 
and windows looking on, this canal, suffered-from 
malaria, while those of the houses a little more , 
distant remained immune. 

Even from large foci malaria is propagated, only ' 
a, short distance in a horizontal direction. . There 
are many instances of ships having anchored very 
near intensely malarious coasts without a\single 
person on board contracting the fevers, while those 
persons who went ashore and slept there were 
attacked. In the. delta of the Tiber, at FiumiCi'no, : 
a severe centre of malaria, the people of the place 
sleep in boats on the sea. in order to avoid the . 
■disease. True ship epidemics of -malaria are ex¬ 
tremely rare, if even one can-say that undoubted - 
examples of them have occurred, in which the 
diagnosis has been confirmed by the examination 
of the blood. • . , ■' 

Ambrosi and Biva have very recently, made an . - 
accurate study of malaria in the rice-fields : of the \ 
province of Parma, also in regard to- the radius, .of 
influence through, which this disease is. spread. 
They found that it is diffused from a minimum 
distance of half a kilometre to -a maximum of 4-5 
kilometres, as the following table, shows 
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Table IV.—Diffusion of Malaria in a Horizontal Direction. 


. | Baganzola-Cervara 
. i S. Andrea . 

. ; Bosco . 
j / Fienil bruciato . 

| ] Lvunaca veccbia . 

. H Casa basss 
j S. Pietro 
VCampana 
. Campana 


1,000-2,000 

2,000 

1,600 


In a radius of 
800-400 me- 
all the 


500 . houses 

800 1 attacked, 

f00-800 | 

o-Soo | 


In an oblique direction also the propagation of 
malaria from a low-lying place to one more elevated 
is limited. A good example has been found by 
Tommasi-Crudeli near Girgenti, where in consequence 
of a marshy river there is a malarious focus close to 
the famous ancient temples situated below the town. 
The custodians of these temples who sleep in the 
house nearest the marsh are subject to malaria; 
those who sleep in a house a little further away, and 
in a somewhat higher position, escape the infection. 

The Pontine Marshes are a vast focus of severe 
malaria. 

Figure 25 is an excellent map of this territory. 
On the right is seen the zone of the Lepini Moun¬ 
tains ; on them, and more precisely on the hills that 
rise above the low malarious plain, are human 
habitations. Those who work in the marshes go up 
there to sleep, faithful to the popular tradition which 
teaches that the best means of protecting oneself 
from fevers is to sleep in an elevated place. 

Thus the town of Sermoneta, which is situated 
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257 metres above 'hf*-' nm -he-". < omieeicd vi'h ilm 

plain l>v means <.1 ■< plateau that, < -j>. riaJU on the 
Midi*, gradually rises. This town, from the: end -of 
fhe Iasi, century up till lo-dar, lias been literally 
decimated by the fevers, because under it. through 
an error in calculation committed in the drainage of 
the Poruine. Ma^jjfies. the bed of a river was inter¬ 
rupted, and an enormous marsh was consequently 
produced. ■ . 

In (lie neighbouring Sezze. which is situated on. 
u. hill a little higher (319 metres!, in the summer and 
autumn months the inhabitants of the Ironses looking 
on. the marsh are attacked by malaria,, while in the 
rest, of the town, and on lire opposite slope, they are 
generally spared. 

These arc two examples of the propagation of 
malaria, in an oblique direction, from a vast malarious 
focus, to a distance, however, relatively short. 

In the vertical direction malaria is propagated only 
to a little height. Tire people who inhabit malarious; 
places, to protect themselves from the fevers, go to 
sleep in trees or in beds placed on the top of four - 
poles embedded in the soil. These elevated beds, are.; 
to be seen in the Pontine Marshes and in the Agro 
Eomano, where on the ruins of the .ancient. monu-. 
ments one also frequently sees mediaeval cottages.' 

A. greater height from the ground is, however, 
necessary to escape being bitten by mosquitoes, 
because they, when they are very hungry, may fly to : 
the, top floor (20-25 metres) of a house. 

We have an. excellent example of the propagation . 
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of malaria in the vertical direction in the same 
Pontine Marshes. The town of Norma (fig. 25) is 
built on the top of a rock 343 metres high, which 
rises as perpendicularly as a wall, and up there the 
inhabitants do not suffer from the disease. 

Under Norma lies Ninfa, once a flourishing town, 
and in the Middle Ages the seat of £apal consistories. 
Of that town nothing remains but the ruins and a 
solitary house with a mill. The people who work 
there are so subject to the fevers that they are obliged 
to be changed every week during the most dangerous 
months. 

Consequently, malaria is an eminently autochthonous 
or local epidemy, and is only transmitted to a limited 
distance in any direction. 

These axioms of malarial epidemiology are not in 
accord with certain theories which have been held 
for a long time in the medical schools, that is, that 
malaria can be transported to great distances by 
winds. Here in Rome, formerly they had great dread 
of the scirocco (south-east wind), and of warm 
winds generally, fearing that they transported 
malaria from Africa. In Sicily the strong scirocco 
brings with it some of the African sand; little 
wonder, it was said, is it that such winds ? transport 
the germs of malaria also, which must be very much 
smaller and lighter. 

Many facts, nevertheless, were opposed to this 
theory. Tommasi-Crudeli has justly observed: ‘ If 
the winds can transport malaria from Africa across 
the Mediterranean, why do not malarial epidemies 
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appear in sin j ship-, lli,'ll plfumli the Mediterranean ? 
Wiiy arc norm;; towns which are heated by the 'mruMo 
winds immune from malaria—Marsala. for example, 
where the .sands of the African rlnsnrts directly 

Tit ins in .Rome it, was held that malaria was 
transport ud on the wings of the scirocco from the 
T’ontnu \[>nsin s. 1 Laneisi was the authoritative 
supporter oi tills theory, which vanishes directly 
one (onsidoi * that Imween the Pontine Marshes 
and .Rome are interposed the Latial Mountains, 
including Motile (javo, which are delightful places, 
that are never infested by malaria: while if the 
theory were true they would he malarious in the 
highest, degree. Consequently, Baccelli justly main¬ 
tains that all the Tontine Marshes could not. be 
charged with a. single case of fever which occurred 
within the walls of Rome. 

And in fact the mrocco that comes from Africa 
and passes over these marshes cannot:, beat directly 
on Rome ; but there is also another wind, the Hbecoio 
(south-west wind), which, however, no one has ever 
thought of charging with this hypothetical transporta¬ 
tion .of malaria. 

In Rome it was likewise believed that malaria, 
was carried timber from the marshes’ of Ostia and 
Macearese, and therefore by the west wind* that is,, 
by the sea breeze, which.. traverses the Roman 
Oampagna. And in consequence of. this hypothesis 

1 This disease now never, or hardly ever, occurs within the walls of 
Rome in any season ot the year.—[T ranslator,] . " „ 
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they deemed it urgent to drain these marshes, and 
proceeded to hurried works of sanitation without 
thinking how strange it was to incriminate that, wind 
with malaria which, freshly blowing m the suimnee 
afternoons, renders Eome one ot the most delightful 
cities in Italy, even in the hot season. 

The wind, therefore, cannot ti miipi it < , ? 

the contrary, it acts on the malarial mrits. rs 
on other virus, clearing and dmpe s m j 7> i > +h, 
genic germs in the atmosphere. Analogously we know 
that the fragile mosquitoes do not resist the wind, 
and when this blows they do not come out from 
their diurnal hiding-places, nor do they attack man. 
even at sunset. Our rustics know -well that in the 
evenings in which the wind blows they can sit outside 
their habitations without being molested by the bites 
of mosquitoes. 

It is possible, however, that light winds may 
sometimes cause the diffusion of mosquitoes. Fioalbi 
admits it, but the subject requires further study. 

A direct outcome of the above-mentioned wind- 
borne theory of malaria was another which claimed 
that woods filtered the malarial germs in >u< L a 
way that a wind passing through a wood came out. 
purified of them. The celebrated Lancisi was also 
the supporter of this theory, which he maintained 
with great, ardour a propos of the disforesting of the 
woods near Cisterna (fig. 25). 

This town and the surrounding territory belonged 
for a very long time to the Caetani family, winch 
in 1714 was much in debt, and consequently 
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thought of gaining a large sum of money by ceding 
to a Tuscan contractor the.right' of cutting down, 
the woods about Oisterna. Haying applied for per¬ 
mission to Clement XL, Lancisi arose to combat 
tliis destruction as dangerous to the public, health 
of Borne, and on the occasion he delivered two 
memorable discourses before , the Congregation of - 
Health to demonstrate that those woods retained 
the noxious effluvia of the Pontine Marshes! ‘ Even* 
the ancients, 1 said Lancisi, ‘ knew well how much 
the woods were the true guardians of health, and 
therefore they put them under the protection of 
the gods/ And he added that the woods filtered 
the low winds ; and these are . precisely ’ the hot 
•scirocco winds which arise from on high and come 
on the continent to sweep the ground; while the 
cold winds arise from below, and, as they gradually 
disperse front their place of origin, gain a higher 
level in the atmospheric strata. 

This opinion is, in truth, contrary enough to 
the principles of physics. Beally the hotter y inds. 
and consequently the lighter, sweep the ground! 
And even if it were so, how could the thickest 
foliage of the tallest trees filter such a. high aerial 
current ? 

As regards the testimony of the ancients, we 
must remember that-, according- to T)i Tucci. their 
worship of trees was confined to the sacri loci , the 
sacra nemora, and the sacra robura, which grew 
around the temples, or protected ‘he altars dedicated 
to special religions and to particular sacrifices This 



VEHICLES OF MALARIAL INFECTION 89 


is so true that woods were also consecrated in very 
healthy localities. 

In conclusion, we can formulate the following- 
principal axioms regarding the propagation of 
malaria by the atmosphere :— 

1. The hours during which the malarial germs 
are most plentiful in the air are those of the 
evening, sunset, and night. 

2. They, generalfy rise from limited foci, and 
are diffused to a limited distance in the horizontal, 
oblique, and vertical directions. 

3. The winds, properly called, do not generally 
transport them, they tend rather to diminish their 
number in the atmosphere. 

4. Woods, instead of filtering them, may be foci 
of malarial infection. 

These axioms are thoroughly in accordance with 
the theory that the malarial germ is cultivated, 
transported, and inoculated by the agency of mos¬ 
quitoes, which— 

1. By day live hidden and sheltered, while they 
come out to bite man in the evening and night. 

2. They do not wander far from the place where 
they are born, and especially they fly a little distance 
from the ground. 

3. # When the wind blows they do not, as a rule, 
come out of their hiding-places. 

4. Shady and damp woods and trees in general 
are the nests of mosquitoes. 

The mosquito, besides being the source, is conse¬ 
quently also the carrier of malarial infection. 
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Of (lie connection between malaria and mosquitoes 
indications are found even in ancient.,authors, such 
m Columella and Yarn), and popular experience has 
admitted it for a long time. ■ One not rarely hears 
these words from the month of the peasants of the 
Agro Eomano : ‘ In suclt a place there is much fever, 
because it is full, of mosquitoes.’, And there are a 
few customs which have been unconsciously inspired, 
by this idea. For example, when the shepherds 
return from the Apennines, where they have passed 
the summer, to their cabins in the. Roman Cam- 
pagna, generally in the months of September and 
October, they do not occupy them before thoroughly 
smoking them to drive out the numerous' mos-‘ 
quitoes; and frequently they make the sheep sleep 
there for some days, with whose blood the famished 
mosquitoes satiate themselves. 

In Eastern Africa malaria and the mosquito are 
called by the same name, 3/ZuV. 

In medical literature, also, this opinion is ancient. 
Evidently Lancisi expounds and maintains it, who 
(i loc. cit.) after having demonstrated that minima 
insecta. (that is, a.s we say, Cidicwm miens copia) 
pahidibns innasei, atque sub m'gankorum effluviorum 
forma per circurafusum aerem dispergi. In the 
same book, cap. xyiii., he maintains tliat r these 
venenata animalia non occidunt vulnere, sed infuso per 
minus venefico liquido; and he also expresses the 
doubt whether these insecta duin cittern' motrsu 
sauciant ova sua deponvnt, and finally maintains 
that these palmtria insecta natrium siiccum infun- 
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dunt, and suspected that the said vermes snnguineis 
vasis sese inferant! 

In America, where also this intimate connection 
between malaria and mosquito is commonly recog¬ 
nised, Nott, so long, ago as 1848, maintained that 
yellow fever was transported by means of the 
mosquito, and he supposed the same for malaria. 

Here among us Angelo Alessandrini, towards 
1870, in an agrarian and hygienic study on Rome 
and Latium, wrote that the mosquito, ‘ with the 
vehicle of the unhealthy air from the open country, 
passes into inhabited places, invades the habitations, 
hides itself during the day to hum in the night in 
search of man in repose, . . . and, by means of its 
bite, inoculates its poison.’ 

Another American physician, King, putting to¬ 
gether the facts gathered from popular tradition 
with the facts revealed by epidemiology, maintained, 
in 1883, that malaria is transported by the agency 
of mosquitoes. 

In 1884 Laveran, by analogy with the already 
cited studies of Manson, asked the question: ‘Do 
mosquitoes take a part in the pathogenesis of paludism 
as in that of filariasis ? ’ The thing, he adds, is not 
impossible; and it is to be noted that mosquitoes 
abound in all marshy localities. 

In Fltigge’s treatise on hygiene, even in the first 
edition (1889), it is stated that malaria might be 
transmitted by insects as well as by the usual 
vehicles (air, water). 

In 1891 Laveran modified, after the publication of 
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ray researches, of which we shall'speak presently, his 
old opinion favourable to the hypothesis' of water as a 
vehicle ofmalaria, in the sense that the specific germs, 
with the mosquitoes which die, are transported in the 
water, and .man, drinking this water, becomes infected, • 
analogously to that which Manson had maintained for 
filariasis. 

Tlie mosquito hypothesis was also mentioned in 
IS92 by E. Pfeiffer and by hoch, who lately has 
again maintained it. 

In. 1893 Smith and Kilbome made their dis¬ 
covery, already mentioned, of the transmission of 
bovine malaria by means of ticks. 

Manson, in 1890, and in the same year Laveran 
also, insisted on the analogies of propagation, ac¬ 
cording to them, and according to what we have 
said already (see page 62), of malaria with filariasis. 

Bignami, who, in 1894, together with Diouisi, 
had endeavoured experimentally to demonstrate the 
mosquito hypothesis, in l'S96, in an article in 
reply to Manson, combated with my arguments the 
water hypothesis ; lie demonstrated that the hypo¬ 
thesis .of the mosquitoes explains very well the 
epidemiological data of malaria, gave the proof, 
that it is sufficient to inoculate a very ..minute- 
quantity of blood—that which remains adherent to 
the fine needle of a Pravaz syringe—to reproduce 
malaria. Analogously also the mosquito‘would-be 
able to carry the infection from one man to another; 
and he concluded that malaria bears itself in .respect 
to man as if it had been inoculated by mosquitoes. ; 
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In the same year (lS'JO'l Mendini, in his ‘ Guida 
Igienica di Eoma,’ 1 supported the hypothesis of the 
inoculation of malaria, by mosquitoes : and in IS97 
Coronado of Havana gave great importance to these 
arthropoda in the propagation of malaria. 

Up to then, however, only indirect arguments 
were forthcoming. The direct experimental proof 
was given only recently with the above-mentioned 
studies of Ross on the malaria of birds, and with 
the studies made in the Santo Spirito Hospital by 
Grassi, Bastianelli, and Bignami on the malaria of 
man. 

For some time Bignami caused healthy men to be 
bitten by mosquitoes captured in malarious places : 
these were afterwards found to be of the genus 
Culex. But he did not succeed in reproducing 
the fever. Then came Grassi, who suggested using 
the Anopheles, and by their agency malarial fever of 
the sestivo-autumnal type was experimentally repro¬ 
duced for the first time in man, and subsequently 
the spring tertian was also reproduced by the same 
means. 

The objection that these experiments prove 
nothing in a positive way, inasmuch as at Rome, 
and in the Santo Spirito Hospital, malaria could be 
contracted spontaneously, falls to the ground before 
the mildest criticism. The experiments have always 
been made on persons who for years have been 

1 This book has been translated and edited by me, with the title 
of Dr. Mendini’s Hygienic Guide to Rome. iThe Scientific Press, 
London, 1897.1--(Translator.] 
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wider medical sujiwvisioM in die Hospital, tliat i s . 
i:i a ul i' < m 1 i mu from malaria, 

Moreover, there are bow many case* nj‘ the 
reproducuon or malaria nt mini by. the bite of 
i tal lnlented mosquitoes. And. therefore, nj> to 
imp. "7 nil tin supposed vehicle* or malaria. this of the 
rnn'-'j/i/t >i s is the orthj one that has hem dh-eefly and' 
undo ae, ill / dm m/asi rated. 


But is there not some other vehicle of malarial 
infection than that of mosquitoes ? 

We have already recorded our experiments, from 
which it resulted that in birds rve did not succeed in 
reproducing their malarial infection by the inocu¬ 
lation of the earth of even intensely malarious spots. 

Consequently, if up till to-day it has not been 
demonstrated that the malarial germ exists directly in 
the ground, one certainly cannot admit that- a person 
can breathe it with the dust which, is raised from 
the ground. 

The hypothesis of water as a vehicle for malarial 
infection remains to be considered. ; 

Even since the latest researches have been pub¬ 
lished. rlie doubt .has been revived, as we have said, 
whether, besides the two life-cycles of the parasites’ 
alreadv described, there is not at the end of,the 
v- \u il n It a i '“•ntnm spore stage, by which the 
p uavge i j 'isfs the influences of the. external world, 
and more especially when in water, .for a variable 
time, independently of its life in the mosquito 5 ,? body. 
We have said that the morphological and experimental 
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studies have not, at least up to now, confirmed this 
hypothesis of resisting spores, which, nevertheless, 
may exist; and therefore it is necessary to discuss 
whether the water, that may eventually contain 
them, can also when ingested infect man. 

That marshy water when drunk produces malaria 
is universally believed in by the people who live in 
malarious places. But here popular experience 
loses all its value when one thinks for a moment 
that these persons, who believe that they drink the 
germs of malaria, are living at the same time in bad 
air. 

Even Hippocrates wrote that he who drinks, in 
the summer, the warm and fcetid stagnant water 
of marshes acquires from it an enlarged spleen, 
a hard belly, and the water accumulates under 
his skin: in short it may even produce malarial 
cachexia. 

This judgment was accepted in the medical 
schools until J. M. Lancisi, with his great authority, 
caused the idea to prevail that stagnant waters pro¬ 
duced malaria by their noxious effluvia and not by 
drinking them. 

Lancisi’s opinion was almost universally accepted 
in 1848, when Boudin, one of the most esteemed 
French epidemiologists, described minutely a ship 
epidemic, the celebrated epidemic, according to him, 
of malaria on board the no less celebrated ship, the 
Argo. 

As this epidemy is constantly brought forth as a 
triumphant proof by those who believe in this hypo- 
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thesis of water infection, it Is advisable to speak of it 
somewhat in detail, to see whether, when judged by 
sound criticism, one must not arrive at an opposite 
conclusion. 

Towards the middle of July 1834, 800 French 
soldiers were embarked at Bona, in Algeria, for 
Marseilles. 

These soldiers were conveyed in three ships, 120 
of whom were on board the transport ship Argo. ' 
While those on board the other two ships had . 
an excellent passage, on the Argo, soon after its 
departure, a terrible epidemy broke out. . It was 
believed to be a very severe malarial infection, from 
which thirteen died during the passage, and ninety- 
eight lauded at Marseilles with symptoms of 
choleraic, epileptic, tetanic, comatose pernicious 
fevers, which yielded as if by enchantment to the 
use of sulphate of quinine in large doses. ' 

As the Argo, in the hurry of departure, had 
shipped for drinking purposes the impure water -of 
a pond near the port, and the soldiers had drunk 
freely of it, it was universally said that the water 
was the cause of this very severe epidemy. 

But the voyage between Bona and Marseilles is 
short, and it is strange that a malarial infection 
should have arisen so suddenly, without the period 
of incubation which is always observed. 

It is also strange that all were taken ill, and that 
in all were suddenly manifested those terrible forms, 
of pernicious fever, many of which were fatal. Even 
in districts of very severe malaria, a group of persons 
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going thither are not certainly all taken ill immedi¬ 
ately and contemporaneously; much less do they 
suffer from pernicious fever on the first day of the 
disease. The very severe forms of malaria become 
pernicious during the second or third attacks, but 
they are never such at the first attack. 

The principal argument brought forward by 
Boudin was that the above forms yielded like en¬ 
chantment to quinine. 

But are the pernicious malarial fevers cured in 
the proportion of 10 % 00j even when treated with 
very large doses of quinine ? And even when the 
gravity of the infection is overcome by this invalu¬ 
able drug, do not they usually recur for months and 
mont hs ? 

It is evident, therefore, that the above outbreak 
was not due to a malarial infection, but rather to an 
acute poisoning from which many died; and the 
greater number were cured after some days, but 
certainly not by the quinine given them. 

There are other examples in medical literature of 
ship epidemics of malaria which were said to have 
been caused by drinking infected waters, but they 
are cited in such an uncertain and frequently 
erroneous way that they do not merit scientific 
discuss^pn. Up till now, therefore, no one lias 
been able to adduce an undeniable example of the 
transmission of malaria by means of the water of 
malarious places. Yet it has been maintained that 
malaria is synonymous with malacqua ! 

Epidemiology, on the contrary, demonstrates 
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by numerous examples that, pc op]c who in mala¬ 
rious districts drink excellent. water are not proof 
against malaria ; and, vice versa, experimentation has 
demonstrated that persons who m very healthy 
localities drink the marshy waters , of malarious 
districts never take malaria. . - ■ 

From the bottoms of the hills and mountains, 
which surround the Pontine Marshes (fig. 25) an 
enormous quantity of water is discharged, which 
gathers immediately at the sources into true rivers 
which, having to traverse avast plain with Very little 
fall to the level of the sea, produce these enormous 
marshes. This pure water is freely used by the 
people who live near' the hills, where, notwith¬ 
standing, malaria reigns in all' its virulence. 

The 1 town of Sernioneta, which lias been almost 
destroyed, as we have said, by fevers, after tile badly 
executed reclaiming of the Pontine Marshes, thought 
of saving itself by conducting into the town good 
potable water, but nevertheless the mortality was not 
lessened: and if recently the town is more healthy, it 
is due to the rational works of sanitation in the 
underlying plain. 

Along tiie Bome-Tivoli railway, one of those 
which, in Latium, enjoy the sad pr'wnato of 
malaria, to every railway cottage has been brought, 
by special pipes, a constant supply of the .Aequa 
Marcia, with the hope that with such a splendid 
water the fevers would disappear. . But instead, 
during the summer of 1898, of the railway personnel 
all fell ill except three, who remained immune, as we 
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shall see, in consequence of their special individual 
resistance. 

Experiments have also been carried out on a large 
scale, by making men,, living in healthy places, ingest 
water from malarial centres. These experiments 
were initiated by me, with the feeling that while 
it was very important to solve a problem of such 
high human interest, on the other hand, it had 
been known for a long time that decaying materials 
are innocuous when introduced into the stomach of 
man or of the lower animals ; and that if malaria 
subsequently developed through drinking these 
waters, by making the diagnosis immediately by the 
examination of the blood, and administering the 
. specific remedy directly the first attack appeared, no 
harm would ensue. 

The marshy water was administered by ingestion, 
inhalation, and enteroclysm. On the next page we 
give a table of all the experiments of the kind made 
during recent years, from those which I conducted in 
1886 until the present time. 

More than sixty persons were subjected by 
various authors to the ingestion of marshy water. 
The quantity of water drunk was large, up to 2-3 
litres a day, and it was taken from intensely malarious 
places,, and always in the summer and autumn 
months. All the experiments, from mine to those of 
Brancaleone, Zeri, Salomone Marino, demonstrate 
that the fever is not taken by the ingestion of marshy 
water. 

It may be objected that the malarial germs, 

li 2 
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introduced -with the water, were destroyed in the 
stomach. This is not very probable, inasmuch as 
the barrier of the stomach is not very .potent even 
against.truly intestinal infections, such as cholera, 
and typhoid fever. 

But. malaria may act differently. Then I thought 
of introducing the water by inhalation and b\ en 
teroclysm ; but even by these paths Dr Zeri never 
succeeded in reproducing‘the mildest fever. ■ 

Therefore water is . not the vehicle of malarial 
infection: the epidemiological data prove it; a long 
series of experiments confirm it. 

And whaf: other vehicles of malaria may there be ? 
One may suspect vegetable- Alimentary substances 
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Even in plants endocellular amoeboid parasites are 
known ; it is sufficient to mention the famous Plas- 
mudiophora Brassicw of Woronin, which in 1885 was 
then, for us, the best example of analogy for main¬ 
taining the parasitic nature of those endoglobular 
bodies that, bjr analogy, Marchiafava and I called 
plasmodia of malaria. 

But of this last hypothetic vehicle it is not now 
necessary to speak. 

After having passed in review all the possible 
vehicles of this epidemy, we can conclude that 
up to now the certain vehicle, and at the same time 
the certain source of the malarial infection, are special 
mosquitoes, and the air is the vehicle of malaria, 
inasmuch as it is the vehicle of the malarial mosquitoes. 

PATH OF PENETRATION OF THE MALARIAL 
GERMS INTO THE ORGANISM 

The most undeniable is the skin, bitten by the pro¬ 
boscis through which the infected mosquito inocu¬ 
lates its sporozoites. A single mosquito in one or 
more nights can bite and infect many persons. How 
this happens is demonstrated by fig. 26, after 
Ficalbi, which gives us a clear idea of the biting 
apparatus of the Culex pipiens. 

This apparatus is hidden within a sheath (1), 
terminating in an olive (2), and consists of six 
pieces: the lip (3), the epipharynx (4), two man¬ 
dibles (5), and two maxillm (6). The lip terminates 
in a sharp oblique point; the two maxilla' terminate 
in a serrated extremity. When the mosquito bites. 
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the. sheath does not penetrate the-skin, hut bends, 
toward the thorax, and the stylets contained in ■ it. 
pierce the integument; these are capable of pene¬ 
trating even a, very hard skin like, that- of. the ox, 
or of biting through clothes if hot very thick. 

The sporozoites having tilled, as we have already 
said, the tubules of 
the salivary glands, 
one understands 
bow they are in¬ 
oculated with the 
saliva during the 
act of biting. 

There is nothing 
to support, the idea 
that the germs may 
enter by way of 
the stomach ; and 
after .the latest, 
studies . the respi¬ 
ratory path is to, be 
rejected, a-t least so 
long as resisting 
spores of the haemo- 
sporidi.a are not. 
demonstrated free 
.in the environment. Up till now malarial ‘ germs 
have not, been found directly in the earth; it is 
difficult therefore to imagine how they can be con¬ 
tained in. the dust which is raised from it., 'And 
besides, iu the cases of - autopsies of those dead of.. 
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pernicious fever, Bignami has never been able to 
discover in the peribronchial glands anything 
resembling a malarial germ. 

Consequently the skin is the only certain path of 
entrance that noic remains. But as long ago as 
1853, Marmocchi, in his ‘Universal Geography,’ 
wrote : ‘ As the marsli-miasma insinuates itself into 
our bodies to infect them, ... on the guidance of 
simple logic it appears very probable that the 
poison is inoculated in the human body not by the 
paths of the respiration, but through the pores of 
the skiu.’ And this path is more than sufficient; 
the germs immediately gain excess to the cir¬ 
culating blood, and here enter the red cor¬ 
puscle and multiply in it, passing through their 
asexual cycle of life, and preparing the gametes 
for the preservation of the species external to 
man. 

It is remarkable that the Anopheles mosquitoes, 
which are undoubtedly injurious, do not when flying 
make a humming sound, and that their bites are less 
irritating than those of the Culex. Very frequently 
persons living- in the Campagna are not aware that 
they have been bitten by them. 

CAUSES OF PREDISPOSITION OR OF 
IMMUNITY. 

No epidemy can be thoroughly understood if 
we do not .recognise the enormous importance of 
the indirect epidemic causes, which predispose to or 
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immunise against-the development of an epidemic 
disease. One cannot, and should not,'acl differently 
when considering the epidemiology of malaria. 

These very complex causes we, divide, as thev 
always are divided, into' organic 01 individual, 
local or physical, and social. 

We begin with the 

Organic Causes'of Predisposition or of Immunity;. 

It is universally admitted that the chilling of the 
body is a cause of predisposition to malaria. Horace ' 
even speaks of it when he describes the mother who - 
dipped her child in the waters'of the Tiber to appease 
the goddess Fever, and quickly the baby is seized 
with‘frigid quartan/' And Doth said that in the 
Campagna nodes (estate nimium frigidos insalubres. 
Indeed, the well-to-do inhabitants of the Agro Bomano 
are so well aware of this fact that, in the- early 
morning, evening, and night, they always wear, even 
in the summer, their winter greatcoats, dreading the 
fall in the temperature. The chilling of the body 
easily occurs here, where in a. single day there are 
notable changes 'of temperature. And it is for'this 
reason that in Borne, during the summer, the evenings, 
nights, and still more the early mornings, are always 
very fresh ; and inasmuch as the maximum tempera¬ 
ture occurs about midday, in the short space of 
a few hours, as we shall see later on, there are verv 
great .thermic oscillations. , 

Baglivj has Written that.: estate sudore made re et 
aurem frigidum accipere petitk eat. y 
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In the beginning of the century (1803) Mori- 
ehini believed that the difference between the 
temperature of the days and nights in the summer 
disposed to malarial diseases. 

Later on Santarelli (1808) and Folchi (1845) 
maintained positively that the humidity and cold 
of the nights were the undoubted cause of malarial 
fevers, because they suppressed the perspiration. 

Nevertheless, following Brocchi (1820), Minzi 
recognised (1844) that chilling by itself alone was 
not the cause of fevers. ‘ It is not impossible,’ he 
added, ‘ that a specific modifier, . . . unknown to 
the senses and not recognisable by physical and 
chemical means, exists in the atmosphere of marshes, 
and is the element indispensable for intermittent 
fevers ; but daily observation proves that it remains 
completely inactive if particular circumstances do 
not concur in promoting its morbid efficacy.’ 

Chilling of the body is a predisposing cause both 
to the onset of the primary infections and also to the 
succession' of the malarial recurrences. Indeed, a 
febrile attack has been several times observed to 
supervene after a cold bath, in persons liable to 
malarial paroxysms. 

Recently also Oldham (1871) and Baker (1888) 
have supported the hypothesis of chilling as a cause 
of malarial fevers. According ,to this latter author 
the presence of intermittent fevers in all parts of the 
world is proportionate to the difference in tempera¬ 
ture between the day and night, that is, to its mean 
diurnal oscillation. This relation was observed 
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month by month, in 542,009 cases of’ fever, (luring 
the years of the American AVaiyfrom .1801 to 1805. 

The:predisposing effect of chill is well <**•»> in the 
Oampagna. At harvest time, the poor labourers, 
badly clothed, insufficiently fed, and bathed : with 
sweat, in order to obtain a little. relief for their 
weary limbs, expose themselves to the cool breezes, 
and at nigl.it sleep in the open air. In such cases we■ 
can well conceive how the individual, who carries 
malarial infection in its latent form, suffers from 
fever which is the active, manifestation of the'infec¬ 
tion, as soon as his vita-1 powers are lowered by 
these depressing influences. It is well, known how 
they dread being attacked by fever when, a heavy- 
shower falls. 

■ Consequently it is very probable that the chilling 
of the body is an organic cause predisposing to, 
malarial infection. ■ ■ 

Does the predisposition . to malaria vary according 
to age ? - ' 

Our statistics.of the causes of death in 1890 give 
the following percentage mortality — 


Tabus VI.—Mobtawty ok Malar-ta according to Age. 



Therefore no a.ge is spared—furthermore., it is 
very certain that children are most 'frequently 
att-acked, arid in them malaria is very prevalent: but 
the above statistics enable us only to. affirm, that the 
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highest mortality from malaria occurs between five 
and twenty years of age. Exact data as to the 
morbidity and mortality of children from this disease 
are still wanting. 

Does an immunity from malaria exist P We shall 
first consider congenital, natural, or race immunity ; 
secondly, acquired immunity, and finally artificial 
immunity. 

Natural immunity .—Are there races immune 
from malaria ? 

Comparative epidemiology proves that in the 
lower animals there are immune races. For 
example, bovine malaria rarely attacks the indi¬ 
genous oxen of the Agro Bomano, while it deci¬ 
mates those imported from Holland, Switzerland, 
Lombardy, &c. A few years ago, here at. Tor di 
Quinto, they tried to institute a large dairy farm, and 
about one hundred Dutch cows were imported into 
that malarious district; a very severe epidemic of 
malaria destroyed the whole herd, one solitary cow 
surviving! I have studied and described similar 
outbreaks near Borne, for instance, at Cervellet-ta, 
and Bocca di Leone. 

But among the human races are there some 
refractory to malaria ? 

Some colonial medical practitioners have been 
able to study contemporaneously the behaviour of 
two or more human races in a malarious locality. 
A valuable work of the kind is that of Maurel. 
From his studies it results that practically no human 
race is immune from malaria, not even the black 
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race, which by some are believed to be. immune. In 
places where severe malaria exists, certainly the 
black population which inhabits them acquires a. 
relative immunity to the disease ; but if in these; 
same places another .black population arrives which 
previously inhabited non-malarious places, it is deci¬ 
mated by the fevers. 

A white population also, which for centuries.; has 
lived in regions of intense malaria, finally acquires a 
relative immunity against malaria, that is, adapts 
itself to resist it. 

Especially when, the action of an heroic drug, such 
as quinine, has not intervened, the part of the popu¬ 
lation which in malarious jfiaces has survived is 
that specifically more resistentand thus gradually,' 
from generation to generation, the Darwinian law of 
natural selection, which has been so well illustrated 
in this case by Tommasi-Crudeli, ha,s produced a, 
race continuously more resistent against this in- 
fectiou. 

By this means a remarkable population, whose 
ancestors have lived in -the Pontine Marshes for 
centuries, has become resistent'to malaria ; while a 
colony of Venetians, who were lately brought thither, 
were literally decimated by the fevers, and the sur¬ 
vivors fled in terror. It is not that the inhabitants 
of the place do not pay their tribute to the goddess 
Fever, but certainly they live in sites where other 
populations would be exterminated. So also at 
Ostia there is a colony of agricultural romugnoli 
who, not being' hereditarily protected against mal- 
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aria, suffer much from the disease, and unfortu¬ 
nately often die of it, notwithstanding that they live 
in fairly good hygienic conditions ; while, on the con¬ 
trary, in that same region live also the so-called 
ci.ipaiwari (hut-dwellers), who for centuries have 
descended from the mountains into the Agro 
Bomano and remain there for many months in the 
year; and though they live, as we shall see, in huts, 
have insufficient food and clothing, still they suffer 
from malaria to a much less extent than do the 

Therefore the fact of a natural relative immunity 
of some races against malarial infection is evident. 

How does this relative immunity come about ? 
For the most part it is undoubtedly due to those 
acquired habits, especially in relation to habitation 
and work, which experience has taught are the most 
efficacious for preserving oneself from the fevers. 

There are also individuals immune in the most 
absolute degree by organic causes peculiar to them¬ 
selves. For example, at Sezze, in the Pontine 
Marshes, we have obtained the precise histories of 
four individuals who are absolutely immune from 
malaria, notwithstanding that they have lived there 
for years without taking the least precautions—they 
work very laboriously, have insufficient and had 
food, frequently sleep on the marshes, in the open 
air. and in such a manner as to be continually bitten 
bv mosquitoes; still they have never had malaria, 
are very healthy, have a rosy colour, and their liver 
and spleen are normal in size. 
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I have, met with similar fortunate individuals 
also in other intensely- malarious regions. 

It is difficult to say what the mechanKin of 
this organic immunity is; certainly it cannot be 
explained by the' hypothesis of antitoxins in the 
serum. In fact, we have bled the above-men¬ 
tioned individuals, have taken the serum of their 
blood and inoculated it in a man, and then injected 
into him the malarial blood of mild or spring fevers. 
The preventive inoculation of this serum did Hot 
in the least prolong the incubation period of the 
fever. So that it is little probable that, those, indivi- . 
duals are immune because they have immunising 
principles in the serum of their blood. 

We shall now see wliat at present is known' 
concerning immunity acquired by malarial infection ., 

This infection, easily recurs ; he who has already 
suffered from it, as is generally known,, is more 
predisposed than others to new infections. Oon- 
se quently, as a rule, the opposite to a consecutive 
immunity is verified. 

But I have collected well-ascertained, cases, of 
persons who have reached malarial cachexia, with 
extreme anaemia, with enormous enlargement of the 
spleen and liver, and then I have seen the spleen and 
liver very gradually become reduced to theiivnormal 
limits, and in these persons a species of natural ma¬ 
in unity lias afterwards remained. A typical example-of 
this land I have met with.on the Bome-Civita Yeccliia 
line in a railway man who, after having suffered for a 
long time from malarial fevers going on to cachexia. 
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subsequently regained his health. For many years he 
has lived safely in the midst of the destruction of his 
family, and he is the sole survivor of his companions 
who came with him to work on that line. I have 
met with three other typical examples on the Rome- 
Tivoli railway. 

One of these three, having been brought almost 
to death’s door by malarial cachexia, went to the 
mountains to regain his health, was cured there, and 
then returned to his work ; and he has not since been 
attacked by fever, not even in the year 1898, when 
all the members of his family were stricken with 
the disease. 

This occurrence is, however, rather rare ; in fact, 
as far as I know, it is the first time that it has at¬ 
tracted the attention of students of malaria. This 
immunity is not so stable as that of congenital 
origin; for example, one of the three who after 
grave cachexia had been immune for ten years, in 
1898 was taken ill with fever, from which, however, 
he was quickly cured. In other cases also I have 
seen the febrile infection run a very mild course in 
those persons who enjoy a relative immunity following 
a recovery from malarial cachexia. 

In cases still more rare one may acquire an 
immunity after a mild and short attack of malaria, 
which has been cured with quinine. 

Consequently an immunity following malarial 
infection exists, but it is not generally so persistent 
as a congenital immunity. 

Can we obtain an artificial immunity ? This is 
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a. problem of the greatest interest. ]f we could confer 
immunity by artificial means, one of the gravest-' 
human problems would be solved. . 

We have made many attempts, guided by the 
various theories which are field regarding inmumitv. 
Starting wit.fi the idea that in . an . acute malarial 
infection a toxin is produced as in other injections, 
we have thought, that if a toxin develop in the 
rigor stage and during the fever, an antitoxin must- 
also be produced in' the stage of defervescence. 

I have therefore bled fever patients during defer- . 
veseence, I have put together the serums, and tested 
them to see if they possessed immunising-and thera¬ 
peutic properties. Moreover, if these antitoxins 
exist, they must be produced in large quantity, 
even in cases of spontaneous cure. Well, I have 
also experimented with the .serum of. these cases 
thus cured ; but in neither instance have we obtained 
any immunising result. . 1 . ' 

Consequently, for the present-we must maintain 
that just as we cannot demonstrate (see p. SO) a 
malarial pyrogenic toxin, neither can we demonstrate 
a relative antitoxin. The one fact, is the conse¬ 
quence of the oilier. 

We have also experimented with the blood serum 
of animals congenitally immune against malaria, such 
as, for instance, the oxen of the Agro .Romano: but 
even here we obtained no positive result. or perhaps 
only a lengthening of the incubation period of the 
malarial infection experimentally produced with the 
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introduction of malarial blood after the inoculation 
of the supposed immunising serum. 

Acting on the idea that the antitoxins in 
infective diseases collect and concentrate especially 
in certain organs, we have made attempts a,t preventive 
opotherapy , utilising the organs of animals typically 
immune, that is to say, the buffalos and oxen of the 
Agro Romano. We have experimented with the 
juice of the following organs: brain, lymphatic 
glands, spleen, bone-marrow, liver, and pancreas. 
These organs were pounded up with sterile sand, and 
then subjected to the high pressure of 500-600 atmo¬ 
spheres in a hydraulic press. First the blood was 
expressed, then the intercellular plasma; the final 
pressure yielded the true cellular juice, which was 
inoculated. But neither the preventive nor the 
curative opotherapy had any effect. The same can 
be said of the preventive inoculations of large 
quantities of blood of bovine malaria, and of the 
serum of the blood of the same cattle cured of their 
malaria. 

We also wished to ascertain if there were any an¬ 
tagonistic substances in the Culex, and if so, whether 
they checked the growth of the htemosporidia of 
human malaria, and also if they existed in the non- 
infected Anopheles, or developed only in those who 
were inTected. In the hope that these substances 
were present and that an artificial immunity might 
thus be transmitted to man, we prepared, with .the 
most scrupulous antiseptic precautions and repeated 
filtrations, the juice of many of the above-mentioned 
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mosquitoes, and we inoculated it freely and repeatedly 
into three persons, without, however, being able to 
prevent in them the development of experimental''' 
iwstivo-autumual malaria, which had been produced 
by the inoculation of half a gramme of malarial 
blood. 

We likewise experimented with medicinal sub-' 
stances. The immunising action of quinine lias 
been much discussed, and some authors admit it; 
certainty, however, it is not of practical use,Inasmuch 
as it is a remedy which in small doses, is inefficacious, 
and in large doses cannot be taken for a long time, as 
it is injurious to the digestive and nervous systems. 
It consequently has not had, and never can have, 
extensive application, whatever Koch may .think of it. 

We have, however, tried to adapt one horse, and 
then another, to progressively ■ Increasing doses . of 
quinine, administered by the mouth, subcutaneously, 
into the trachea, and into the veins. 

The horse having reached a tolerance , of. 
20 grammes given in one dose intravenously, we, 
extracted the blood and prepared a serum .which 
proved, even in large doses, to be inefficacious both 
as a preventive of experimental, malaria and as a 
curative of the natural infection. 

We then tried other remedies which can he taken 
for a long time, even , in large, doses ; such. as 
potassium bromide, potassium iodide, arsenic, carbolic 
acid by subcutaneous injection; antipyrin, phenocoU, 
methylene, blue, and euchinin, & preparation ’that has an 
anti-malarial action analogous to that of quinine, but 
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We however have seen the incubation period in 
the case of quartan infection to bo as long as 47 days 
without any drug having been given, and in one suU 
jecfc who had been treated with phenocoll'66 days. -\ 

In the spring. tertian we have observed an incu- 1 
bation of 22 days; in the instivo-autumnal tertian, 
17 days. 

Therefore the incubation period of artificial'infec¬ 
tion may be very long; and thus perhaps are'explained 
the long-interval recurrent fevers. : -■ 1 ■ 

The prolongation of the incubation period 
depends more on the greater specific organic resist¬ 
ance than on the efficacy of remedies. . That- there 
are persons endowed with this greater resistance 
there is no doubt. In an individual,who never had 
suffered from malaria, and did not live in malarious 
regions, the injections made with a considerable 
quantity of blood of spring tertian and then of 
iEstivo-autuinnal tertian were completely negative. 

The problem of artificial immunity against, 
malaria is consequently still an incognita , to solve 
which it is necessary to work on other lines. Never¬ 
theless, we have a sold basis to: start upon. That is, 
there are individuals immune not only from natural 
but also from, experimental malaria. Studying -the ; 
mechanism of the immunity 0 f these individuals,' 
perhaps one will be able to transmit it to others, 
solving a problem of the greatest. hygienic and i 
economic importance. Up to now the only successful 
attempts at artificial immunity are those obtained -by 
the above-mentioned drugs. 
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Local oe Physical Causes of Peedisposition 
oe of Immunity. 

These factors also have enormous importance in 
relation to the production of malaria. Up till a 
few months ago this was believed to. be one of the 
most typical soil diseases, like tetanus and anthrax. 
This can no longer be maintained sic et simpliciter ; 
but, on the other hand, it is undoubtedly, as we have 
said, a typical local or autochthonic epidemy. It is 
interesting, therefore, to study the local causes which 
favour or do not favour its production. 

In studying these causes we shall divide them, 
with Pettenkofer, into conditions of place and con¬ 
ditions of time. 


CONDITIONS OF PLACE. 

It is necessary, above all, to examine the three 
principal factors; that is, the soil, the water, and 
the air. 

Soil. —Malarious soils are found all over the 
surface of the globe, with the exception of those 
situated beyond the polar circles; there is no quality 
of soil which can be said to be a priori incapable of 
favouring the development of malaria. 

Even on madreporic soils, and also on granitic 
soils, the development of malaria has been observed. 
Tommasi-Crudeli has stated that malaria arises 
on soils of the most varied composition and situated 
in every kind j of position, both volcanic and 
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sedimentary, of all geological period*,, and even in 
•soils of qriartziferous sand without vegetation, - In 
the Roman Oampagna there are on. tiro surface of the 
ground no less than thirty-five v strictie*. of <*»], ,tiul 
(here is reason to believe that not one , of these 
is incapable of favouring the . 'development of. 
malaria. . - \ '■ -■ 

It is not, therefore, the soil -per .se.-which influences' 
the production of .malaria, but only ■ to the. extent 
that it retains water on its surface. Some soils, 
readily permit the water to percolate, through- them, 
and consequently marshes are never formed. Other, 
soils, on the contrary, axe only slightly perme¬ 
able, and stagnant waters readily, collect on their 
surface. ' . 

It is necessary, therefore, to take into considera¬ 
tion all those properties of the soil which have an 
influence on the water it contains. It is kuown 
that, the capacity of a- soil to retain water, and its 
capillary power of absorbing, water, and perhaps 
also its power of condensing the. humidity of. the. 
air, act in one direction: the faculty of the soil. of. 
allowing water to pass through it, that is its power 
of liltrafion and its power of evaporation, acts .in the. 
opposite direction. . - 

These are. tire regulating forces that influfnee the 
ground-water which has so much importance- in the 
local production of malaria when it remains on the 
surface. One understands, consequently, how all the 
conditions of the soil that cause it to remain on the . 
surface must also have , great importance.; thus, for 
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example, fractures in volcanic ground, the erosions 
produced by water flowing along valleys, and broken 
country form channels through which the ground- 
water wells up to the surface. 

The Roman Campagna, with its undulations, 
valleys, and its innumerable perennial streams 
and torrents, is a typical example of what we 
have described, and therefore, also, a typical focus 
of malaria. 

Consequently, for a soil to be favourable to the de¬ 
velopment of malaria it is necessary that water remain 
on its surface. The amount of water may be very 
small, as Tommasi-Crudeli has justly maintained; but 
it must last at least during the period of the larval 
stage of the malarial mosquitoes. If after this period 
the soil for a certain time become dry, malaria may 
still persist, because adult mosquitoes do not require 
water. 

Water. —Water is necessary to the development of 
malaria, inasmuch as it is necessary to the life of the 
larvae of the malarial mosquitoes. 

From Lancisi’s time onwards only extensive 
marshes and large ponds have been considered the focus 
for the development of malaria, and great importance 
has been attributed to the putrefaction of these waters, 
and to, the effluvia they develop. Then arose the 
Tuscan medical school, which proclaimed the neces¬ 
sity of mixture of fresh with salt water. 

We shall examine briefly the bearing of these 
hypotheses. 

The total surface of the marshes of Italy, 
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according to the. Calculations made in 188‘> by 
Pareto, amounted to 1,098,001 hectares. More 
recent calculations give the total surface of Italy 
as 28,058,900 hectares, of 'which the pond' and 
marshes occupy 1,287,372. If, on the other hand, 
■we remember (see' fig. 8) the extent of Italian 
territory invaded by malaria, the disproportion be- 
tween this epidemy arid paludism -becomes evident: - 
admitting also that malaria extends for . a certain 
radius around each marsh. Here.-in the A p ro 
Eomano, states TommasbCrudeli, if malaria were 
connected solely with the marshes indicated in the 
geographical maps (and in part now reclaimed by 
drainage works), it would, in. truth, not:-be very ex¬ 
tensive. Furthermore, it is known that there are many 1 
marshes without malaria, even with the favourable, 
conditions of temperature, especially in the other 
hemisphere. And now Ficalbi rightly distinguishes 
the paludal mosquitoes from the malarial- mosquitoes. 
The latter are the Anopheles^ and the. former are 
various species of Culex (penieiliaris, <S-c.) Therefore, 
all paludal mosquitoes are not malarial. 

And neither can. it be maintained, that.. stagnant; 
waters must be putrid to generate the miasmata of 
fever. Miuzi, Oolin, Tomfnasi-Grudeli have demon¬ 
strated the fallacy of this opinion; and recent 
researches prove that the malarial mosquitoes do not 
generally deposit their eggs in putrid waters, and 
consequently their lafvte are not found; in them, and 
that if they are placed there they quickly die. 

Then admixture ■ of sea with fresh • water 
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occurs in many parts of the littoral where the 
coast is very low, so that when the sea rises the dis¬ 
charge of the fresh waters into it is obstructed, and 
swamps and marshes are formed, frequently with the 
putrefaction of the plants or animals which habitually 
live only in one or other of the mixed waters. This 
stagnation may constitute a condition not. altogether 
unfavourable to the development of malaria, inas¬ 
much as a certain quantity of sodium chloride and 
of the products of putrefaction is not, as we 
have said, hostile to the life of mosquitoes; but 
certainly it is not a condition necessary to the 
production of malaria, because the places infested by 
this pestilence are not unfortunately confined to the 
coasts, but extend into the centre of the continents. 

Therefore it is certain that neither extensive marshes., 
nor putrefaction, nor the mixture of salt and fresh 
waters are conditions indispensable for the local pro¬ 
duction of malaria. 

The most favourable and most common condi¬ 
tion is, we repeat, still or slowly running spring- 
water. 

The Eoman Campagna teaches us this in an un¬ 
deniable manner. 

If we cast a glance over fig. 27, which represents 
a section of it, we see on the one part the Latiai 
Mountains, the remains of the ancient volcanoes, now 
the Lakes of Albano (a) and of Xemi (b) ; on the other 
the Lake of Bracciano (c), and between them an un¬ 
dulating plain to the valley of the Tiber (D). (id re¬ 
presents a diagrammatic section of the Latiai volcano. 
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From this t o the valley (f) of the Anio or.Tevernne, one 
sees the ground broken up by very many low lulls. 
These hills of the Agro Komano (•see pages'3 and 4) are 
chiefly formed of tufa, which, gradually disintegrated 
by atmospheric agents, has given rise to a'stratum of 
humus which in former tunes was much thicker, but 
to-day, especially on the higher parts of these hills, 
is very thin ; it is, however, thick' in the tvalleys, 
where it ha.s been washed down by the rain-water. 

The tufa, being a soil containing very fine, pores, 
is readily impregnated with water, but it ‘ permits 
little of it to pass through, Di Tucci and 
Tommasi-Crudeli have demonstrated that the rain- . 
water readily stagnates in it, and under the humus 
forms sheets of water or thin subterraneous marshes; 
then, descending and collecting in the valleys, .it . 
forms true marshes. There is thus a circulation .of 
the surface water, especially as wherever the soil is 
porous large quantities of rain-water arc absorbed, 
afterwards reappearing as small springs or temporary, 
marshes from the autumn to the end of spring,'.ami.. 
without being influenced by the deep circulation. 

For the local production of malaria, the circulation- 
of the deep water is. however, much more important. 

It is known that here in the subterraneous zone 
there is an enormous amount of water. ( Some 
authorities maintain that from the Lake-of \lbano 
and of Neuii, as is seen (fig. 27) . in the geological 
section from the Latial hills to the Teverone. a con¬ 
tinuous filtration of water takes place towards the 
valley. It is more certain that the whole. of the 
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if appears at the surface, and it j,- freqieauly swainpy 
there. Ul! llie (-Jllirilial till- Wafer follows t,L(; a vent 
of flu- bill; f.n fbr eontrary, on rho Vimiual it defends 
very low. In this way Toton-mi-OrwIeli correctly 
explains, in till the < latnpagna, the singular perennial 
(low of mir rivers, the abundance of the springs, 
ami. streams or so-called marram, the extraordinary 
abundance of the grouiid-water; and lie likewise 
explains 1 iow this soil, when it rains, is full of marshes- 
which during a part of the summer become dry, but 
when it rains are quickly re-formed. 

This author, then, justly maintained in. 1879 
that. Homan malaria was due not so much to the Tew 
large marshes as to the thousands of small marshes 
scattered over all the country round Home. ' 

To-daj^ we can thoroughly understand 1-lie reason. . 
knowing Unit stagnant or almost stagnant waters 
are the nest of the larval of the malarial mos¬ 
quitoes. 

And one also understands that an hydraulic 
sanitation, which would radically correct these 
natural conditions, would be an enormous work, 
almost beyond the powers of man; and therefore 
one understands how malaria has reigned in the 
Eoman Campagna for centuries. 

But we shall see that there are some other causes 
for the humidity of the soil. ' . 

Even independently of the local rains and of the 
•subterraneous - waters, marshes .are formed by the 
rivers that, from their source to their mouth, lhav be- 
the cause of inundation of the soil, and consequently 
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<>f malaria. At its sources in the mountains, where 
there are no woods, during every heavy rainfall the 
river swells, overflows its banks, and bursts into the 
plain; therefore, we also accept the idea that woods 
and forests in the mountains should be considered 
sacred and inviolable. In the valleys, also, a water¬ 
course may expand, owing to there being a slight fall 
into the sea. For example, the very large amount 
of water of the Pontine Marshes (see fig. 25) cannot 
discharge itself directly into the sea, because along 
the shore a wide sandbank is interposed; hence the 
watercourses have to take a very circuitous route to 
the south ; and in this channel the fall is so 
slight that the water appears almost stagnant. Dis¬ 
charging canals, as we shall see, have been con¬ 
structed, but they are insufficient, so that in the 
season of heavy rains the rivers swell, a great part 
of the region is inundated, and the marsh re-forms 
there. 

Along the Tuscan littoral another phenomenon 
happens: the waters go directly into the sea, but 
they are driven back by the sea currents, and thus 
the marshes are formed. 

Morasses or marshes, and true lakes, are also 
formed by the welling up of the subsoil water to the 
surface. For instance, if a hollow be surrounded by 
mountains, and if in that place the subsoil water be 
abundant, it collects in the hollow, is increased by 
the rain-water of all the basin, and forms a lake or 
a marsh according to circumstances. One also has 
marshes and true lakes of more or less salt water. 
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when the sea wal,< i- p:iw<- through a 1 untrue of land 
••dong die coast, or ]jhw*s over ir. dining high tides, 
'Fhe fact' lias been, known for a long time that, 
around these marshes and lakes malaria develops 
most, in the period when the waters, recede, 

Well, how can this fact he explained by the new 
theory of the genesis of malaria in the environ¬ 
ment ? , . ■' - 

hirst of all, this period is the fever season every-* 
where; that is to say. it is the period in which the 
temperature predisposes notoriously to the develop¬ 
ment of malaria. 

And then, when the water begins to recede, many 
mosquitoes have already become mature.; If the larva? 
have already developed into nymphas, the water can 
completely disappear, for the nymphee develop into 
adult mosquitoes in earth even better than in 
water. But if, as frequently happens, after, the 
fall of the waters, a small quantity remains per¬ 
manently, the life of the larva; continues to be 
maintained, assuring at the same time the perpetual 
reproduction of the species. 

Consequently, a more minute study of the life and 
habits of the malarial mosquitoes will .give us increased 
knowledge concerning the epidemiology of the disease. 

Air. —This also has very great importance among 
the local predisposing factors of - malaria; there¬ 
fore soils can be made healthy by withdrawing or 
limiting the free and direct access of this factor On the 
surface of the earth, which, aswe shall see when speak¬ 
ing of drainage, can be brought about in diverse,ways. 




CA USES OF PREDISPOSITION OR IMMUNITY 129 

That the air has all this importance can be easily 
demonstrated by repeating an old experiment of 
Laneisi. He obtained some marshy water containing 
the larva- of mosquitoes. And this is what he says : 
‘ Venniculos qui aperta in phiala mirabili agilitate 
movebantur; quique si invicem piscium instar move- 
bantur; mox eadem diligent-issime per eeram, quam 
dicunt hispanicam, clausa brevi motum amisisse ’ 
(loc. cit.). 

We have repeated this old experiment under 
rigorous anaerobic conditions, and we have seen that 
the larvae and nymph® really die in ten to twelve 
hours. And this occurs because the larvae, and still 
more the nymph®, require, as we have said, plenty of 
air. In fact, to kill them it is sufficient to limit the 
free afflux of the atmospheric air, for, as we shall 
see, oily substances spread out in a thin layer on 
the surface of waters, act mechanically by preventing 
the free exchange of atmospheric air, and thus 
asphyxiate the larvae and nymph® of mosquitoes. 

- Therefore the presence of air is indispensable to 
the life of the malarial germs in the environment, 
inasmuch as it is indispensable to the life of the 
larvjc and nymph® of mosquitoes in water; and any 
soil is capable of becoming malarious when the water 
and the air, and certain conditions of vegetation, 
as we slrall presently see, concur in enabling the 
malarial mosquitoes to live. 

In the absence of the above-described local 
conditions mosquitoes could not develop, and then 
there would be no malaria. 
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W'e dud! now luridly describe other local con¬ 
ditions that arc associated witls the dcx'doprrKmt of 
malaria ; wt shall speak, first of all. of Urn relations 
that exist between agriculture and malaria. 

Does the ploughing • 01 - digging up of a soil, 
or oilier similar agricultural operation, cause the 
development of malaria r During the time m which 
it was ImM that malaria was imprisoned in the ground 
in the form ol a micro-organism, it was believed to 
be very dantrerous to disturb the soil, and cases of 
malaria were frequently mentioned as being caused 
by excavating the ground. But to-day we cannot 
accept tins theory purely and simply;, for even in 
soil ol miliinnn localities it- is not so much the 
mei' cJ/^Ut bano of the scnl which influences the 
protraction oi malaria, as that-every such disturbance, 
which in any wav alien? the hydraulic, state of a 
given sulfur i let bug to the retention of the water, ■ 
becomes in reality a local predisposing cause to the 
development oi malaria. Tor example, if a water¬ 
course, even a small one, be interrupted, or if a hole ■ 
be made in the ground, where- the rain water or 
the subsoil water collects and cannot run away, there 
the whole aquatic life-cycle of the mosquitoes can 
very well develop during the appropriate season, and 
in a short time. 

Is the so-called paludal vegetation necessary for 
the life of the larval m water, that is to say, that 
emembbi ol. plains which develop in marshy places, 
and sometimes cover the surface, .of the water like- a 
green carpet t •• ■ : . - 



CAUSES OF PREDISPOSITION OR IMMUNITY 131 


For the common mosquitoes it is known that it 
is not necessary ; they deposit their eggs in all kinds 
of water ; the Anopheles , on the contrary, prefer clear 
waters rich in marsh plants, such as reeds, rushes, 
cresses, and especially algce such as the conferva ?, 
possibly because this kind of vegetation above the 
surface of the water affords shelter to the larvae from 
the wind, heat, and cold. 

Among the agricultural operations which favour 
the development of malaria, irrigation must first be 
mentioned. For instance, the irrigated meadow lands, 
the so-called marcite , which are very common in 
Lombard}’, are fields carefully levelled, with afferent 
and efferent channels for the flow of water; forage 
plants, especially the leguminosce, are grown in them, 
and they are highly manured. In these fields the 
vegetation is very rich, so much so that in good 
climates such as ours they yield eight to ten crops a 
year. Examples of this kind of cultivation exist also 
round Rome ; some lands reclaimed by the Lombards, 
as at CerveAetta and Bocca di Leone, for example, 
are cultivated by this system. 

When the water enters the afferent channels it 
spreads over the field, part of it is absorbed, and the 
remainder runs away in the efferent channels in a 
continuous flow; and if the land be permeable so as 
to absorb the water quickly, this method of irriga¬ 
tion is not liable to produce malaria; the mos¬ 
quitoes do not deposit their eggs there, and the 
larvae cannot live. But in practice it often happens 
that the water stagnates or becomes sluggish in one 
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or other channel, so .that the larva?, can live and 
eventually develop into malarial mosquitoes. 

It is true, however, that tins method of cultivation 
does not require much 'attention • from man. - After, 
the irrigation is started, if all goes well,-lie need only 
go there, from time to time to regulate the flow of 
water and to reap ; if, however, Ire. dwells within 
a certain radius, he is affected by it.. /• 

In former times (see p. 10), herein the O.ampagna, 
irrigation was regularly established in the valleys of 
the Airone, Aniene, and Galera, by means of ex¬ 
pensive masonry work and suitable levelling of the 
soil. ' ..... 

Any one who visits many of our valleys, in which: 
water is always present, frequently finds there such 
works, together with extensive stalls for mileh cows 
and. large buildings for cheese-making, that he must 
come to the conclusion that, at a time not very 
remote, the agricultural activity, was very different in 
these valleys from what it. is to-day. 

Why this industry was abandoned it is.not .easy 
to answer. But it is certain one cannot, consider, it 
likely that. it. was unprofitable. Therefore I am 
strongly of the opinion that malaria .of milch-cows 
and of man was the cause of its destruction. 

The iniguous cultivation of some other crops 
is much more dangerous. a.s that of rice , for instance. 
The map of the rice fields in Italy demonstrates that 
it is chiefly carried on in Northern Italy, and m, the 
valley of the Po : it is also common in Sicily, in the 
province of Campobasso and of Naples. Prom the 
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statistics compiled in 1881 we take the following 
figures:— 

Land irrigated in Italy . . . 1,500,000 

„ cultivated with rice . . 200,005 

But, what is worse, there is a tendency to extend 
this industry, which is very remunerative ; there are 
already some instances of it in the Pontine Marshes. 
Now it is certain that, in some places where malaria 
had disappeared for a long time, it has made its re¬ 
appearance with the cultivation of rice. Thus the 
valley of Potenza, near Macerata, previously healthy, 
became malarious after the cultivation of rice there ; 
indeed, so bad was the disease that this culture was 
suspended by governmental decree. One of the pro¬ 
prietors insisted on continuing it, but the people rose 
up in arms, and the last remaining rice-field was 
destroyed. 

Also from the investigations already mentioned, 
made in the province of Parma, the injurious influence 
of rice-fields on the production of malaria, even when 
these are in sites of mild or latent malaria, is un¬ 
deniable. Imagine what must happen in sites of 
intense and severe malaria ! 

After what we have said of the life of the Ano¬ 
pheles larvae in the environment, it is evident that 
rice-fiefds with their clear and slowly running waters 
and their typical paludal vegetation are tlie best 
habitat of these larvte, that is, the best they could 
wish to live in. 

There are, it is true, different kinds of rice-fields. 
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A primordial type, which is adopted, in all low-lving 
places, where the water stagnates, and where, after 
the smallest rainfall, -marshes form, is that of the 
mate di venture (rice-fields . of .chance), called- thus- 
because they are made by the goodness, the chance, 
or the ■merca of the water that falls and stagnates Ihue 
A second type is that in which, in low-lying land, 
the water collects in basins, where it is .'retained;'by 
means of dykes, into which the water enters on one 
side and runs out at the other. The rice is continually 
submerged, and the water is always clear-and. run¬ 
ning. This is the type of rice-field with continuous 
submersion, with, running water. 

A third type, in which the submersion is made for 
two to three days in the week (on.the other days the. 
rice-field is kept dry), is called risaia a vicenda. 

The first type need not be discussed, inasmuch 
as it undoubtedly- constitutes a. local condition 
favourable to the development of malaria, 

The other two have been studied- accurately to 
see how and to what extent they are propitious, 
to the life of mosquitoes. And now we can say -that 
the rice-field of the second type is an excellent 
nursery for larva?, including those of the Anopheles 
clavigcr : these made their appearance in the second 
half of May, increased in number by successive 
generations, and continued to be abundant till the 
water was let off for the' reaping. . The larva? of 
the Cider, penicillaris and anmdatus , made their, 
appearance after those of the- Anopheles. .... 

From what we saw in Table III., we were able 
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a priori to maintain that the larva would survive 
the brief dryings of the rice-fields of the third type. 
And, in fact, this has been found to occur. 

The movement of the water, even when the supply 
is abundant, does not free a rice-field from the larva;. 
These escape from the parts where the current is 
strongest and take refuge in those where it is weakest 
or where the plants are thickest. It is not possible, 
therefore, to render a rice-field healthy by the move¬ 
ment of the water. 

But to better understand the relations between 
rice-fields and malaria, it is necessary to describe the 
different agricultural operations, which in the various 
seasons require the presence of man, according to the 
ordinary and more rational method of culture. 

In the early spring they begin to divide the land 
into squares. The water finds its own level, and 
according to this level a number of squares are made 
which are surrounded with banks of earth of sufficient 
height. The afferent and efferent channels for the 
water are also systematically arranged in such a way 
that in every square the water enters through an 
opening in one of the banks and runs out through 
another opening in the opposite bank. This afflux and 
efflux is easily regulated by slight movements of the 
earth. Inasmuch as the water when it enters is cold 
or fresh, and the low temperature injures the plants, 
it is advisable to alternate the entrance and the exit 
of the water. 

The rice is sown under water at the end of March 
and in April. The water is then cut off' for a short 

4 
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time in order to permit the young and small plants to 
take root. 

Tire -weeding is also , done under water in May 
and June. > " 

During tire growth of tire plants the continuous or 
intermittent submersion is, as we have , said, main¬ 
tained. This in very rich ground is injurious, because 
it makes the stalks grow too tall* to the detriment of 
the crop ; it is beneficial, however, in p>oorer soils for’ 
strengthening the plants; so that even if it behygieid¬ 
eally advantageous, it is not always so from the agri¬ 
cultural point of view. And therefore it is not always 
possible to obtain a. complete drying of the land. 

In fact., it may easily happen that the field.remains 
either wholly or partly saturated, or that small 
collections of water remain’ in the tracks made Io¬ 
nian or animals during the agricultural operations, or 
where the soil is not properly levelled. In these splits 
the lame develop undisturbed. 

For several months the presence of man is required 
only to look after the water-channels and to repair 
the banks often perforated by ruts. But-many men 
are required for the reaping, which takes place, 
according to the quality of the seed, in August, 
September. or October, in dry or saturated ground, 
but no longer under water. Then the mosquitoes 
iw m ^waiii)', i ‘-pcsjally in tire evening hours. 

Alter (he reaping the water is either entirely cut 
oil. and the stromal becomes completely dry. or it- is 
jc< ' mud ha m h 11 arms' the stubble and thus obtaining 
a kmd of manure; m this latter case, and sometimes 
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also in the former, the water remains in the hollow 
parts and continues to be the habitat of the larva: of 
the Anopheles mosquitoes—in our climate during the 
whole winter. 

Some authorities hold that rice-fields of every 
description are permissible in all places more or less 
submerged, because the soil is already marshy, and 
if malaria appear there after the making of the rice- 
field, it was there before. Furthermore, they have 
proposed to convert marshy places, including many 
parts of the Pontine Marshes, into rice-fields. 

But it must not be forgotten that the cultivation 
of rice, besides requiring more or less the presence of 
man, especially during the weeding and gathering of 
the rice, makes its injurious effects felt at a distance. 
Moreover, if rice-fields be instituted on a large scale, 
hydraulic sanitation will never be carried out. And 
then malaria undergoes annual variations through 
various causes; for example, in very dry years, in 
consequence of many collections of water being dried 
up, it becomes attenuated, while with the rice culture 
system the inf ection would be every year more regular, 
and therefore more severe. 

So that extending this culture of rice in malarious 
regions, and, worse still, in those of severe malaria, 
is an absolutely reprehensible proposal; and it is to 
be hoped that private interests will not outweigh 
those of public health. 

It is believed by some that the culture <</ textile 
plants also has direct correlation with malaria. Sonic 
of these plants grow in dry soils, but then they 
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require to be SHbiiieiged and maceratrd in water 
when they have Ik eii mhheied. as,fot' instance, Kemp 
ami flax. . . 

The cull me of hemp and flax is Miffioienlly 
widespread in Italy, as is tmealcd by the following 
statistics for 18 < Q ]. collected from tbe principal regions 
where tliese textile plants arc grown ;— 

Table VII • 


Emilia.• 72,182 • 1,-584 

Voniee ..... 11.131 1,589 



From the above if is seen that hemp is much 
cultivated, especially in Emilia, while flax, like rice, 
is especially so in Lombardy. - . 

The maceration of these plants is carried out in 
various ways, but generally as follows : If the subsoil 
water be very superficial, a trench is dug to collect 
it, and the plants to be macerated are' placed in if If 
there be a stream or streams in the land, the water is- 
diverted from its bed. and collected in basins, where the 
plants are placed to macerate. The vegetable putre¬ 
faction which develops separates the- textile fibres. 

In both cases, however, it is doubtful whether 
this maceration constitutes an environment per se, 
favourable to the development of. the malarial mos¬ 
quitoes, and, consequently, of malaria.. We have 
said already that these mosquitoes, , unlike the. 
Oulices, do not by choice deposit their eggs-in putrid 
waters, and we may now add that their larvie -soon 
die in the waters in which these, plants axe macerated. 
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Nevertheless this agricultural operation, when water¬ 
courses are employed, may produce stagnant pools 
favourable to the life of the specific mosquitoes, even 
beyond the site where the maceration is carried on; 
and, vice versa, when it is performed in large tanks of 
masonry, and especially if these tanks be constructed 
in such a manner that the water is constantly running, 
very probably the specific mosquitoes will not develop 
in them. This question, however, requires further 
study. It is certain that in some regions they practise 
this maceration without the development of malaria, 
as it is also certain that while the macerating waters 
are favourable to the development of the Culex larvss, 
they are, on the contrary, as we have said, the grave 
of the Anopheles. Therefore the dread which they 
inspire as foci of this disease is also the result of the 
prejudice that has so long prevailed in the medical 
schools, regarding the decomposing swamps as being 
the cause of disease, and especially of malaria. 

Among the various plants which grow in humid 
soil, canes merit special mention. These, in the 
Eoman Campagna, in the valleys where they are 
planted along the watercourses, form most suitable 
breeding-places for mosquitoes, including the Ano¬ 
pheles. 

On the other hand, the irriguous culture of agrumi 
(oranges, lemons, citrons, and limes), so extensive in 
Calabria and Sicily, appears (as it is usually carried on) 
to have no injurious influence as a source of malaria. 
It nevertheless requires to be better controlled. 

In general, is the temporary irrigation of the 
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noil in unhealthy localities injurious or notT - 'It pro¬ 
bably is not if the. water Hows freely ami is never 
obstructed in the • irrigation channels, ami if it be 
quickly absorbed by the soil, like a slight fail of rain. 
This subject- is so interesting that it also merits 
special study on the lines of the new etiology. 

Is the arboriculture of a. malarious territory 
favourable or not to malaria ? 

What we have already said of Lancisi, a propon of 
the Oi stern a woods, will be remembered.. 

As long as Lancisi lived, he, owing to his great 
authority, prevented these woods being cut dowm; 
but after his death the disforesting began, and was 
continued almost to our time. And to-day, instead, 
of woods, vineyards flourish round Oistema. Well, 
not only has that prevalence of the malarial epiderny 
predicted by Lancisi not occurred, but, bn the contrary, 
there has been such an improvement there that .in 
the middle of the square a monument has been 
erected to the defeated goddess Fever. . 

In 1808, SantareLli. also a Marcliigian physician, 
wrote : * The history of many regions collected in.the 
whole world combats such an opinion’ (Lancisis),. 
‘and shows that those lands, now healthy, before the 
woods werfe.cut down were unhealthy. 1 

The new etiology fully confirms these theories,' 
In fact, we have said that mosquitoes tlirive extremely 
well in woods, where they take'shelter from the . heat 
of the sun or from strong winds. Still. fuore,, there 
are some which are really, wood-lovers, such as the./ 
Gulex uernorosus, and. of nurfe interest 'to us, 'the 
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Anopheles bifurcatus, which live preferably in thickets; 
so that any one who sleeps in them, even during the 
day, generally in a malarious spot, very easily 
catches the fevers during those periods of the year 
when they prevalent. In certain woods, in the summer, 
it is impossible to pass through them during the day, 
owing to the enormous numbers of insects, and among 
them mosquitoes, which attack men and animals. 

Our woods along the coast rarely consist of true 
trees with high trunks, so that the evaporation of the 
subsoil water can take place rapidly, but of thickets in 
saturated soils that remain humid and even marshy 
in the hottest and driest summers. These woods 
surely are not to be considered sacred ! 

In 1884 a Commission was nominated which 
studied in our coast-line regions the influence that 
disforesting had on public health. They state that 
‘in all the visits made and inquiries undertaken 
at all these places in the Roman province, where 
sanitary reports, complaints of communes, and 
publications issued during these last eighty years, 
assert that the total or partial destruction of woods, 
thickets, and hedges had occasioned an increase 
of malaria, after careful investigation, not only were 
they unable to find any proof that disforesting was 
injurious to health, but they found that some facts 
indicated an opposite effect.’ 

‘In fact, in the places where the woods have 
been destroyed or diminished malaria lias not 
increased; and, furthermore, in some places it has 
become mitigated as the result of improved agricult are 
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in ilif ('ampiipna, and, !ilxjv<.! all. by the. better system 

* On ilm oilier hand, no (/.sample has been found 
of a, new plantation of trees of any extent whjeh.ims 
•prodneed :t diminution of malaria jii the neighbour¬ 
ing Lii.bitatioi is.' 

The woods should therefore 'be respected on, 
mountains and hills, because it is certain that if the, 
mountainous regions from which the watercourses 
originate be. disforested, at e.very heavy rainfall there 
will be Hooding in the plains. In the low and marshy, 
regions, on the contrary, where malaria exists, they 
certainly favour the development of this epidemy,, 

Even popular experience in some malarious 
places is decidedly inimical to trees. It is not rarely 
that one hears it remarked that they harbour malaria 
—this can be explained now by the fact that they are 
the favourite resort of mosquitoes. 

But is there any plant hostile to malaria or to 
the moNqmtocs. -o that it s cultivation in .a territory 
will protect it Jrom them P 

The < hi aln)>tu$ planted round our railway stations 
are now proved to be useless against malaria, if even 
they do not do more harm than good by harbouring 
the mosquitoes near the houses. Here outside .the 
gates of the city, at Tre Pontane, an intensely mala-. 
rious spot, there is a line wood of them-; and in 
Australia there are immense forests of these trees, 
and all are malarious. 

Professor Cantani, in his splendid book ‘Pro Silyisy 
maintains that plantations of pines, firs, are anti- 
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malarial, because, as he has written, by these trees 
giving off ozone the malarial germ would be destroyed. 
This explanation to-day no longer holds; and 
besides, in the neighbourhood of Rome, there are 
magnificent pine woods in intensely malarious sites, 
as, for instance, at Castel Fusano near Ostia. 

Up to the present we know no plant inimical to 
mosquitoes. The Ricinus communis , which has been 
extolled as a culicifuge, and other plants such as 
Iris foetidissima, Delphinium, Staphisagria, Sambucus 
ebulus, Chenopodium Vulvaria, Solcinumnigrum , Pistacia 
Lentiscus , Daphne Gnidium afford, on the contrary, as we 
ourselves have seen, an excellent refuge for mosquitoes. 
Nevertheless, it is not impossible that plants may be 
found that give off an odour noxious to these insects, 
which, as is known, have a very keen sense of smell. 
For example, the Roman wormwood in flower is 
capable of causing, in a closed chamber, their apparent 
death in six hours, and actual death in twenty-four 
hours. The other wormwoods or Artemisice exercise 
a similar, but not such an energetic, action. 

Finally, we shall say a few words of the 
relations between malaria and intensive culture. 
Marlcet gardens are a type of this culture. Around 
Rome we have a number of splendid examples of 
these market gardens, situated in valleys which 
former/y were malarious, but now seem to be healthy. 
This also is a subject for study. For the present 
it may be said that we have found the so-called 
garden mosquitoes, that is, those which prefer market 
gardens, such as the Odex hortntsis, C. auuu/utiis, and 
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llit v'fv common ll pipiot s. always in abundance in 
these places; but in the middle of summer the 
Anopht'hs bar* also been found ck \ eloping among the 
oil no larva* in somewhat turbid water, (renerally. 
in hiebb, cultivated soils it is necessary to regulate 
tin snjfaee and g m mid waters respectively. The soil 
must in- nwclmed ven permeable. This system of 
(uhinc may be ustful also from the hygienic point 
of viev. correcting the hydraulic regime, which is a 
])0te.nT. local predisposing cause of malaria, without, 
however, altogether suppressing it. Unfortunately, 
thus system L difficult to o;nrv out in unhealthy 
places. Larne estates and malaria, usually go to- 
gettn r» because man. in certain months of the year, 
car.uot, live in intensely malarious regions', where, • 
therefore, only cultivation on an exti nsive scale is 
possible, and hence the lame estates. 

With repaid to the assm iation of malaria with 
special industries, v e have principally to consider tin 
fisk-pamh, the billin' marshss, the pint hag. s, and the 
railways. • ■ • 

In speaking of fish-ponds in malarious localities, 
vc shall mention those cf fresh water, such as the 
canals which drichanu into tin valleys of Comacchio 
.•dong the Adriatic coast, and those of salt water 
along the Tynhenian Intorah as the Lake of fogliano 
in the Pontine region* tor instance. 

That fresh-water fish-ponds in a malarious lot alitv 
favour the, development of malaria can be very, well 
explained by the. ne,w theories. We 'know.-on the 
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other hand, that fairly strong salt waters are not 
favourable either to the malarial or the non-malarial 
mosquitoes. The waters of the Lake of Fogliano, for 
example, have scarcely 1-33 to 0T5 % of salt—that is, 
much less than sea water—and consequently the larva? 
of mosquitoes live and develop there. Again Lake 
Trajano, near the delta of the Tiber, in the Isola 
Sacra, contains only 0'427 gr. % of sodium chloride. 

But in Italy we have also salines much infested 
with fevers, that of Cervia near Ravenna, and that 
of Corneto, on the Tyrrhenian littoral, for instance. 

Now it is necessary at once to note that these two 
salines are situated in a littoral territory surrounded 
by malaria. 

We have already seen how the larva? act in sea 
water, and we shall see now how they act in salt 
solutions of various strengths. 

We may state briefly that the larva?, both of 
common mosquitoes and of Anopheles , in a 5 % solu¬ 
tion of salt—which is about double the quantity found 
in the Mediterranean water (the mean isgr. 2'722 %) 
—die in about two hours if they be very young, after 
fifteen hours if full grown ; the larva?, of Anopheles 
dying sooner than those of the common mosquitoes. 
In saturated solutions of salt the larva? die in half an 
hour, and the nymphae in the short space of an hour. 

In the salines the water, by evaporation, con¬ 
stantly becomes more concentrated and certainly 
injurious to mosquitoes, and it will be necessary to 
see whether they get habituated to such conditions 
of life, originally so unfavourable. 
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Aik] limn around (he salines, as ;tt Corneto for 
exam]ile,.there are many stagnant, or almost stagnant., 
fresh ■ collections of water, in which all the mos¬ 
quitoes that infest that malariou- place can develop. 
And, in fact, tlm lame were found in a wide 
trench which surrounded the salines and- intercepted 
the fresh water and conveyed it, to the sea. In this 
cat 1 al the larvae were foand in the .parts -opening into tile, 
sea where the salt was 1’39 %; however, they were 
not found nearer the sea, where the salt was 2-00 %, 
as a fortiori no lame, of any species were found in 
the basins of sea or concentrated water. fcSo that. 
up to now we can say that the salines per se do not ., 
constitute a local condition favourable to the develop¬ 
ment of malaria, , . 

I remember, on the contrary, that, the sea water 
alone penetrating into that malarigen.ous canal near. 
Sinigaglia (see p. 82) was sufficient .to render healthy 
that small circumscribed focus of malaria. . . ' 

But as early as 1803 Moriehini had arrived at 
the same conclusion as regards the saline of Corneto, 
Itaraezzini and Cervia, and Lancisi held the same, 
opinion about salines in general. 

As to the peat bogs, it is known that, they are 
old marshes which, in the course of time, -became 
tilled with decayed, marsh plants which were, under¬ 
going fossilisation. On. removing the peat the pools 
of stagnant water, in which the rank - vegetation 
quickly forms, are the most, favourable local condi¬ 
tions for the production of mosquitoes, and conse¬ 
quently of malaria, where this, disease prevails.. • ■ 
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Frequently also the railways are fomites of 
malaria amongst us. They for the most part run on 
low lands, and are, therefore, frequently malarious. 
In the construction of the lines, cuttings and embank¬ 
ments are made, and consequently the level of the 
subsoil water of a district is altered, the water¬ 
courses are intercepted, and marshes and morasses 
are produced. 

Very pernicious also are those so-called cave di 
prestito (pits from which soil is obtained for making 
embankments), which are deep, and have no outlet 
for water, and are so much used and abused by our 
railway contractors. Thus many sites are created 
suitable for the development of mosquitoes, and 
therefore of malaria. Indeed, after the construc¬ 
tion of the railways, malaria became widespread 
among us even in some territories which before were 
little or not at all infested; and in those that were 
malarious, it was frequently aggravated, especially 
during the first years of construction. 

We shall now see what are the other local causes 
which regulate the epidemic course of malaria, 
namely, the 


INFLUENCE OF SEASON 

There is no doubt that the seasons have an 
influence on the production of malaria ; so true is it, 
that malarial fevers are commonly called after the 
particular seasons during which they prevail. 

Lancisi has also indicated this correlation, 
observing that ‘ Itaque prinnpio (estate v febres ut 
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phirhrmm non maligna:. < on ip!ant: adawto wro mtu, 
felwex continual atqwt e-tiam eritmles urgent.; longe 
to men deletion? eva&urav. et -plane, pestilentes cirm 
(fi/niuoi hum /luiumtuxle, prweipue si pluviee, nebulce, 

.I uhi'pne?, rentigm australesaccesserint. Tandem.circa 
hyemnte whtdnim de pernicic ubique remittuntf sed in. 
chromcm ajjectiones abeunt: qui enim. ab ejwmodi 
febribus liberantur, fere semper coniumadbus viscerum 
obstruciionibus et guartanis longo dnn tempore dura laris 
dkmari solmt’. (Chap. XI.) 

At the time of the French occupation of Rome," 
Colin, one of the most distinguished army surgeons, 
made a study of the health of the troops hi respect 
to this epidemy; and, collecting many data from 
1845 to 1865, he came to the conclusion that in the 
first six months of the year there are. relatively 
few cases of malaria; afterwards, in July, a. true 
epidemic breaks out, which reaches its. maximum 
in August, and then declines during the succeeding 
months to the end of the year. 

In its broad' lines the phenomenon proceeds in 
this way, but in the details there is. much to add. 

To give, an exact idea, of the course of the fevers 
hi the various months of the year, in Table VIII. 
is collected, month by month, the total number of 
cases observed in the hospitals of Rome in the Years,. 
1864 and 1865, 1873 and 1874, 1877 and 1878, and 
then from 1892 to the end of 1898. 

This table includes an enormous number; of cases 
of fever, namely, no less than 93,000. y " 

On account of the oscillations that, the labouring; 





Table VIII 









Vea, 








* 


1806 


1.7* 

1«77 

187S j 

18H 

im 

in* 

.895 

1896 

.897 

1898 


January .... 

284 

195 

853 

595 

638 

661 1 

240 

189 

249 

236 

314 

129 

90 

4673 

February 

228 

198 

681 

528 

519 

543 | 

177 

125 ! 

168 

175 

243 

94 

58 

3732 

March .... 

189 

170 

711 

747 

544 

502 ' 

231 

119 | 

125 

165 

244 

98 

61 

3906 

April .... 

168 

151 

653 

675 

564 

576 j 

223 

148 

157 

180 

235 

115 

76 

3921 

May .... 

112 

114 

669 

584 

480 

504 I 

244 

119 | 

159 

165 

229 

120 

76 

3575 

June 

83 

88. 

409 

331 

339 

375 

205 

119 ' 

138 

150 

155 

88 

73 

2563 

July .... 

439 

340 

1135 

865 1858 

398 

608 

503 | 

813 

582 

i 502 

320 

431 

8844 

| August .... 

1492 

570 

2824 

2647 

2373 

1604 i 

694 

741 j 

1298 

1181 

939 

410 

905 

17678 

j September 

1056 476 

2185 

2019 

1995 

1896 

586 

761 j 

984 

1357 

684 

505 

799 

10203 

' October .... 

775 

437 

1761 

1732 

1460 

1495 

500 

911 ! 

855 

1191 

532 

403 

703 

12755 

1 November 

431 

475 

1280 

1186 

795 

1245 

404 

831 ! 

678 

898 

361 

215 

732 

9531 

December 

271 

205 

777 

773 

695 

1193 

311 

427 

427 1 

' 767 

252 

137 

386 

6621 

j Total 

5528 

3419 

13938 

12682 

12260 

10992 J 

4423 

5043 

6046 

6947 

4690 | 

2634 

4390 

92992 ! 

_1 
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population, which if? most subject to malaria, tm 
derwe/nt during the time of the buddimr hwr 
(.1873-78), and during-the* crisis from 1802 onuaids, 
this table gives us no information oonrernm >j the 
annual periodical course of this epidemy: it; how 
aver, furnishes us with a very exact idea oi the 
monthly course. 

We see at once that malarial fevers are present 
in the hospitals during the whole-year.. 

In the first six months of the year, with some 
slight, variations in March and April, the cases are 
relatively few, with the maximum in January, 
the minimum in June. In July, towards the first- 
or second decade, there Is a sudden change; . the 
true epiderny of malaria breaks out, reaching its . 
maximum generally in August, but' some years 
in September, and even occasionally in- October. -.In. 
thirteen .years the maximum occurred nine times 
in August, three times in September, and once in.' 
October. 

Generally, the epidemy declines in October, and. 
is much reduced in November and December ; hut in 
some years—in 1878, 1893-04,.and 1898—it has been, 
prolonged and maintained high even in the Last three 
months of the year. So that the true epidemy of 
malaria occurs in the second, half of the year. 

In these latter years the clinical observations 
have been made with greater accuracy, the examina¬ 
tion of the blood has been taken into consideration; 
and, with the statistical investigations introduced by 
Bailor! distinction has been made between primary and 





Table IX— Cases of Primary, Recurrent, and Pernicious Malarial Fevers in the Rome Hospitals 




* 

- 

“I*"" - 

* 

1897 



i January . 

57 m 

83 105 1 

174 75 

179 57 

208 105 1 

84 45 

79 11 

864 •581 2 

1 February . 

62 115 

68 57 

98 65 

136 39 

193 49 1 

67 27 

.62 6 

676 358 1 

: March 

107 124 

86 S3 

90 35 

127 38 

176 68 

82 16 

56 5 

724 319 

April. 

115 108 

98 50 

118 39 

151 29 

135 100 

103 12 

73 8 

793 341 

May . 

150 94 

83 86 

122 37 

116 49 

163 66 

105 15 

70 6 

809 353 

June . 

128 77 

78 41 

113 25 

101 49 

127 3 

80 7 1 

69 3 

696 205 1 

July . 

445 160 3 

\ 456 S4 13 

688 114 11 

520 58 4 

421 77 4 

301 15 4 

81 14 6 

2912 522 45 

August 

| 510 173 11 

590 144 7 

1024 261 13 

1005 170 6 

798 128 13 

375 31 4 

855 42 8 

5157 949 62 

September. 

349 226 11 

557 178 6 

751 223 10 

1013 225 19 

566 110 8 

460 1,3 2 

744 26 11 

4440 1031 67 

October 

304 1ST 9 

699 m 11 

612 239 4 

827 352 12 

445 SO 7 

357 37 9 

631 60 12 

3875 1156 64 

November . 

248 1571 4 

617 S00 5 

510 163 5 

637 245 16 

226 133 2 

172 39 4 

664 48 20 

3074 9S9 56 

December . 

151 158 2 

294 133 

308 115 4 

559 199 15 

170 SO 2 

119 19 1 

366 12 8 

1967 716 32 
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recurrent fevers, aud between ordinary and perni¬ 
cious fevers. In Table IX. the numbers printed in 
ordinary type represent cases of primary, fever ; those 
in italics, cases of recurrent fever; and those in 
heavier type, cases of pernicious fever. 

If we take the total of the monthly observations 
of these years 1892-98, we find that in January 
an occasional case of pernicious fever is still ob¬ 
served, and also in February. 

But in March, April, and May pernicious fevers 
never occur; and it is also doubtful if they occur 
in. June, inasmuch as the case which figures in 1897 
was not confirmed by finding the parasite, in the 
blood, nor by the autopsy; and consequently we 
are not at all certain about the diagnosis. • 

The primary infection of severe or mstivo-autumnal 
malaria begins regularly in July—in which we have in 
various years 45 cases of pernicious fever—increased, 
in August to G2 cases, and in September tp. 67 eases; 
it commences to decline in October to 64 cases,, in 
November to 56 cases, in December to 32 cases, arid 
ends in January and February with 2 and 1 cases 
respectively. - . . 

There is therefore a very distinct ■ interruption 
that generally extends from March to July., ' 

On observing more closely this course of the 
primary infectious, we find, from the above statistics, ■ 
that in January we have still a notable number of 
primary fevers, but also a very not able number of re¬ 
current fevers. And while in February, March, April, 
and May the number of relapses remained more 
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or less constant, in February and March the primary 
fevers become somewhat diminished, increasing again 
in April and May, to diminish in June. But in reality 
I am not by any means certain that all these fevers 
indicated as such are primary; on the contrary, I 
believe that the majority of them are long-interval 
recurrent fevers. 

In July, towards the middle, as a rule, or a little 
after, there is suddenly a great, predominance of the 
primary fevers, generally of the severe Eestivo-autum- 
nal form, and to a less extent of the spring form. 
This is the beginning of the true epidemic period. 

So that with regard to the primary infections, 
the mild or spring form undergoes a first or slight 
increase in the spring, a second and greater increase 
in the summer and autumn. The severe form, on 
the contrary, has a distinct interruption of four 
or five months, and reappears in July, continuing 
more or less till towards the end of the year. 

These are the only results to be obtained from the 
statistics of our large hospitals, but if, as I have 
done this year with Dr. Del Pino, the individual cases 
of fever in the same locality are studied daily during 
the first six months, including an examination of the 
blood, one finds that almost all the cases of malaria 
which are met with from March onwards are re¬ 
currences with more or less long intervals, sometimes 
of several months. For example, up to the end of 
June, in 21 recurrences (12 of quartan, C> of tertian, 
3 of mstivo-autumnal fevers), we have had but one 
solitary case, which was possibly primary, of mild 
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tertian in April. And'at Santo Spirito Hospital i)r. 
Panicbi, studying accurately the individual can**. of 
fever in May and June, has found only of re¬ 
currences. This agrees exactly with my observations 
that the labourers who come to. mow the liav here in 
the Campagna in May and in the first half of June do 
not contract malaria, notwithstanding the life of toil 
they lead. 

In conclusion, the true malarial season is in' the 
second half of the year; its duration varies in different 
years; relapses occur during the whole of the first six 
months of the following year, gradually declining from 
January to June. .... '' 

This holds good for the city’ of Rome, where, 
certainly better than in any other city, exact statis¬ 
tical reports are made, and these are controlled by 
the microscopical examination of the blood. 

However, the course of the fevers in northern 
and in warm climates is not identical; malaria, 
is a distinctly local phenomenon, which develops 
differently in various localities, even when they are 
not very distant from one another. .... 

Table X. summarises the observations made by 
Minzi.at Terracina. Table XI. summarises the cases 
of malarial fevers at Corneto Tarquinia. 


Tabi/e X.— Cases or Malaria in thf. Hospital of.. T^rraoina.. 
Minzi’s Observations for Eleven Years. 


January. . . 503 

February . . 408 

March . . .407 

April .. . . 503 

May . . .376 

June . . , 377 


July . . . 829 

August ., . 918 

September, . . . 747. 

October .... .. 627 

' November . . 611 

December , . . 639 




CA USES OF PREDISPOSITION OR IMMUNITY 155 


Minzi’s figures refer to eleven years, those of 
Corneto embrace twenty years; both give us the 
number of cases of malaria month by month which 
have occurred during these two periods. 


Table XI.— 

Cases of Malaei 
Tarquinia, fro 

in the Hospital 
u 1878 to 1899.' 

>F Corneto 

January. 

. 288 

July . . 

. 299 

February 

. 226 

August . 

. 448 

March . 

. 198 

September 

. 584 

April 

. 214 

October. 

. 639 

May 

. 187 

November 

. 871 

June 

. 185 

December 

. 535 


At Corneto it is characteristic that the maximum 


number of cases of fever occurs in November, perhaps 
because it is in this month that there are a greater 
number of people in the Campagna. 

At Terracina there is a malarial epidemic cor¬ 
responding to that at Eome, but with a difference; 
for it would appear that what we may call the 
spring recrudescence is more marked here. It begins 
with 503 cases in January, falls somewhat in 
February and March, then rises again in April, and 
reaches the minimum of the six months in May and 
June. 


At Cagliari the course of the malarial epidemy, 
month by month, from 1890 to 1899, was similar to 
that of Latium, with the maximum, however, in 
October. Consequently we can speak generally of a 
special epidemic type peculiar to warm climates. 

As an example of the annual course of mild 


1 The data of the first seven months of 1880, the last five months 
of 1879, and the first nine months of 1887 are wanting. 
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malaria in a. northern climate, L give the following 
clala., for which I am. indebted to Dr. Grandi: 

Thhk XXI.—CAMi« or MalakTa is thH MA.Toa-HoswT.il. or 
■ W'.om 1894 to-1808. . - - 


28 26 ! 64 32 l 01 ; 261 

80 . 18 ' ; 48 27 | .80 ; 157 

20 ‘20 i 59 . 88 I 44 . ■ 196 .1 

29' 38 ; 59 -88 | 67 , 281;'; 

41 i 57 .60 40 00 ■ 264 " 

51 61 91 , 4.5 1 60 i 317 * . 

105 75 < 88 318': 93 : 474 , • 

122 108 108 - 181 151 . 670. 

132 109 , 96 154 [ 142 683. : 

84 145 ; 72 i 180 - 171- 652 : 

108 119 i 81 106 ; 110 524 i 

51 ; 64 - 62 1 67- 1 84 328 j 

Total 4677 . 

Here also, as in Borne, the maximum number of 
cases of the fevers occur in August and September. 
But tlie minimum of the cases in February and March, 
and the early recrudescence in April, May, and June, 
are characteristic, while with. us.', hi this last month 
the disease falls to its minimum. Possibly this slight 
spring recrudescence occurs also in other places. 
Tims it appears that in all malarious 1 places there is 
not that; interval of several months in the primary 
sestivo-autumnal fevers.as in Borne. - It will, there¬ 
fore, be very interesting to see how long these fevers 
are prolonged in the tropics. 

And inasmuch as the fevers .of Milan have the 
same course as at Crema, Pavia,'and Udini,.we oau 
speak of another special epidemic type of ...the disease , 
namely, that of temperate climates, 
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Malaria is therefore a local phenomenon which 
must, be studied on the spot; and the data gathered 
in any particular territory cannot be generalised, or 
applied to all countries. 

Having examined the course of the various 
malarial fevers during the different months of the 
year, pursuing our study of the various seasonable 
conditions predisposing or not to the epidemy, we 
now come to the relations between the weather 
and malaria. 

The first who has made a sufficiently accurate 
research into this correlation between the individual 
meteorological factors and malaria is Scalzi, who 
was for many years Director of the Hospital of Santo 
Spirito. 

His observations refer to the years 1877 and 1878, 
and take into consideration, besides the temperature, 
the humidity, barometric pressure, &c. We shall 
fix our attention on the most important meteorologi¬ 
cal phenomenon, the temperature. One sees at once 
from the table annexed to Scalzfs work, that the 
malarial phenomenon in the various months of the 
year runs almost uniformly during the first six 
months, and then makes a rapid rise in July and 
August, to fall again more slowly towards the end 
of the year. The same table also demonstrates 
that a real spring malarial epidemy is wanting in 
Rome. 

The course of the mean temperature, during the 
various months of the year, on the contrary, rises 
gradually from January to July and August. (-on.se- 
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quently.fhe two phenoni'na of malaria and tempera¬ 
ture do not rim pi rf'eeih parallel; there is certainly 
a correlation between them, but it is not so simple and 
direct as some authorities believe-.- - • 

Hirsch has observed that the zone of distribution 
of malaria corresponds to a mean summer lempera- 
ture of 15° to lfi° 0. (59° to fiO‘8' ¥.). ' 

Tommasi-Crudeli has stated that a temperature of 
at least 20° C. (08° F.) is necessary for the' develop¬ 
ment of malaria. And the recent researches which 
have been already described have demonstrated that 
the development of thehramosporidiaiiitlre mosquito’s 
body begins to become possible about this tempera¬ 
ture . Nevertheless a rare case of primary fever -occurs 
even in months with a maximum external tempera¬ 
ture. less than 20° C.; and in May and June, during 
■which the temperature is much higher than 20°'C., 
no malarial epidemy arises. On the contrary, in June 
it falls to the minimum of the whole year. Tln-w- 
apparent contradictions are explained by the-habits of 
the mosquitoes, which have been already described : 
directly the weather becomes cold. they, shelter in the 
houses, where the temperature is higher, and in Ma\ 
and the first half of June, when even it begins to. 
become warm, they do not commence to bite. 

Professor Taecluni, the Director of the Central 
Meteorological Office of Pome, when he formed part 
of that Commission which had to study the influ¬ 
ence that the littoral woods of the Agvo Bomano had 
on malaria (see page 141), compiled , the data which 
are summarised in Table XIII. - 
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In any case. this meteorological phenomenon requires 
further frtutly in its relation to malaria. 8ant.a:rftlli, 
for example, from his personal thermometrie obser¬ 
vations, bas round a diurnal vaiiation of 17" C-. 
8ec,ehi, in his ‘ (Jlima cli. Kama,’ pvts 17aS2°-17‘b7 J 
0. as lire mean variations of summer, and autumn, 
and 33'80 o -87’75° 0. as the absolute maxima 'of 
those seasons. We give for the three hottest days 
of last summer (August 1.4-17) a tracing of 
Richard's registering thermograph (fig. 30). which 
is regularly at work at Cervelietta. We see that ' 
the minimum temperature occurs there after 6 
and the maximum always before noon. - The 
evening, night, and. the early morning hours are 
always cool, even in the hottest days, and the rise, 
of the thermometer from minimum to maximum, 
takes place rapidly from one hour of the forenoon 
to another. ■ . 

We have already spoken of the influenceof the 
temperature on the development of tlielimmosporidia 
in the body of the mosquitoes (see pages 61 and 
158). ' ’ V .. \ 

Nevertheless, while in general this correlation 
between heat and. malaria may be admitted, what- 
exactly the correlation is we are at present 'uh-b 
able to explain. We can assert in a general wav 
that the course of the temperature must un¬ 
doubtedly have a very notable influence on the 
course of the fevers, that is, on their ‘ appear¬ 
ance, and on their being .more or less prolonged . 
in the autumn and into the beginning of winter v 
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Whether the temperature has an influence on the 
sudden appearance of the epidemy in July we 
do not exactly know; on the other hand, it has 
certainly been observed that if in the late autumn 
the temperature falls suddenly—if the cold season, 
sets in early—the primary cases of sestivo-autumnal 
fevers cease more quickly, and vice versa. 

Have cold winters and frosts especially any 
influence on the annual periodic course of malaria, in 



Fig. 30 

the sense of regulating the number of insects, and, 
therefore, also of mosquitoes ? 

One sees in Table XIII. that the rainfall, with the 
other meteorological data in relation to malaria, also 
deserves *study. 

Professor Tacchini has likewise collected tlie data 
of the rainfall for the months of March, April, and 
May, to see whether there is any relation between 
the spring rains and the malaria in summer. 
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WelL in tile year 1879 there was the greatest 
amount of rain in the . spring and of fe\er» in the 
srmnner. In JS78 there was a minimum of rain and 
a minimum, of fevers. 

By the recent researches stmli a correlation can, 
to a certain extent, he explained thus : if it rain 
much in the spring the soil becomes very marsh\. 
and the longer the water remains abundant in the 
discharging canals and hollows the better the 
mosquitoes develop; and consequently there will be a, 
greater number of them in the ensuing summer. 

The following researches were made by Boldi, 
the engineer—not for a11 the province of Borne, but 
for the zone of 10 kilometres surrounding the city— 
from 1S87 to 1894. . . . 

Ta '.su: \rv. 



: 3888 216 ! 27 I 15 I 17 , 2m 8 12 5 . 261 [ 

• 1888 287 l 28 i 28 | 28 I 30° . 2-98' •! 2' 278 !- 

1890 820 ! 44 I 22 | 24 | 30° . 3-00, I 4 ; 329' | 

: 1891 157 i 32 : 15 i 17 j .80’ i 2-76 S 4 S 306 1 

, 1892 241 j 14 . 10 I 11. I 81 ’ 2‘58 1 '2 - ; 827 . I. 

1898 44 ; 18 1 8 i 9 ; 31° : it76 i. 8 1 298 1 

; 1894 218 | 85 ' 18 ! 20 i 81 ! 2-90 ; <3 ; 284 

The year 1890 was the wet lest in spring and 
richest in fevers in the summer. But for the other 
years this correlation between the spring rainfall and 
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the malaria in summer has not always been altogether 
verified, just as it was not verified by Santori in his 
study of malaria, in the last decennium, in the pro¬ 
vince of Rome. Thus the year 1893, with a very dry 
spring, was more malarious than 1892 with a wet one. 

It may very well happen that a considerable 
amount of rain falls, which, however, for many 
reasons does not remain on the surface. In 1898, for 
example, it rained a good deal in the spring; but 
between one rain and another the ground was always 
dried rapidly, either by the tramontane/, or by some 
hot sunny days, so that the ground was as dry as if 
it had never rained. If, however, in addition to the 
rain, the air was humid and the sky cloudy, the earth 
would have been much moister. 

It is necessary, therefore, to take into considera¬ 
tion such complex meteorological factors as the 
rainfall, winds, and temperature, in order to obtain 
an exact idea of the relations which exist between 
meteorology and the dampness of the soil. And it 
will be necessary especially to consider the correlation 
between the rainfall and the level of that subter¬ 
raneous water which we know has so much import¬ 
ance in the local production of malaria. What is 
the radius of influence of the rains on this subter¬ 
raneous water? How long' after is this influence 
felt ? Have the local rains any influence on it ? How 
and when do the distant rains influence it? 

Perhaps it will be necessary to take into con¬ 
sideration also that very notable meteorological 
phenomenon of the dew here in the Campagna. 
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Oilin' correlations arc. - also, admitted to jfcrist. 
between the rainfall and malaria,. Thus it has been 
maintained that the autumn rains , when they are ■ 
almudant and cold, arrest or put an end sometimes-- 
mr-lmr <jirirdcly to the ' ajstivo-aat.nmnal - -epideiny..- 
(V-rtainly they destroy many of the. mosquitoes, 
and a sudden lowerin'): of the thermometer coincides 
with the sudden diminution, of the primary fevers, 
it. is also admitted generally that a -downpour-, in. 
the summer is quiddy followed .by an outbreak of 
levers: this has been explained by referring it. to: 
the causes predisposing to chill. But this relation 
be tv ci n the summer rains and malaria is-not in the . 
h .i < sit])ported bv Cantoris observations. ; 

Tacehim. in the above-mentioned years (see page 
159), has also contrasted the sciroeco days {that wind 
which was believed to be the carrier of malaria.) with 
the percentage of the fevers.- But. as Table XIII. 
demonstrates, in 1878 there was, in the same epi¬ 
demic period, that is, in the third quarter of the year;- 
the maximum of sdrocco days and the minimum of- 
malaria. Neither is there any correlation a between 
the nebulosity, nor between the blowing of -the 
tranwutaua, and the course of the fevers. 

Therefore, for the moment, the correlations be¬ 
tween meteorology and malaria are not very marked. 
It is desirable, however, that all these data should be. 
coordinated ■ in such a way as to enable one.-to 
discover the correlation which certainly must exist.- 

With this intention we,.at- the farm of Ceivelletta, 
ait intensely malarious place, have taken daily notes 
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of the individual cases of fevers, recording the results 
of microscopical examination of the hlood, the life 
and habits of the mosquitoes, the meteorological data, 
and the work and life of the campagnoli. 

In June and the early days of July, that is, between 
the end of the old and the beginning of the new 
epidemic year, we found, as we have said, the quartan 
recurrences prevalent, less frequently the tertian, and 
much less frequently still the mild summer fevers. 

With the new epidemic year this order of things 
is reversed, that is, the summer fevers prevail, but 
the cases of mild tertians are less in number, and the 
quartans are slow in appearing. 

The course of the epidemy in this year is given 

Table XV.— Primary Cases of Malaria at Cervelletta 
OCCURRING DURING THE SECOND HALF OF 1899 

1 M stivo-autumnal Fever J 10 i 30 15 i 7 3 1 

IMild Tertian . . ! 3 ' 7 3 I 2 1 1 1 

j Quartan . . — 1 I 1 j 3 2,3 

Consequently the quartan has a special epidemic 
course, inasmuch as it is the last to begin and, as 
we have seen, the last to recur, and it reaches its 
maximum when the other fevers fall to their mini¬ 
mum ; all this corresponds with the fact that in some 
tropical regions this form of malaria is veiy rare, or 
is altogether absent. The mild tertian and the testivo- 
autumnal fevers, on the contrary, have a similar but 
not identical course, since in the years and places of 
severe malaria the latter are notabty in excess of the 
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former. The reverse, also probably lake 1 ! place in the 
years an<l places of mild malaria. 

Xu individuals who inhabit, especially for a lone- 
time. an unhealthy locality , if is not difficult to meet 
with, either contemporaneously, or one alter the 
other, double malarial infections, That is. caused by 
two species of parasites.- It. is rare to meet with triple . 
infections. And finocthe rust bo-autumnal Avers are 
always the. first to become rare in their recurrences, 
one readily understands why in spring those fevers 
which Marcliiafava and I, a potiori , called spring 
fevers, that is, mild tertian and quartan, are prevalent 
with us. 

At the commencement of the epidemic time of the 
year, malaria being very frequently a domestic disease, 
it is easy to see that the first of new mild or 
severe tertian infections occur in the . houses or 
huts where the last recurrences of these fevers- are 
found. 

It is remarkable that alter the very first cases 
there, was a truce of 17-1S days, after .which-the 
epidemv spread. 

The life of the Anopheles monjuitnes has a direct 
and iutimale relation with the general epidemic course • 
of the malarial fevers. 

We found, after hibernating during the winter 
the larvse in April became transformed into nymphau . 
and then into mosquitoes. . In the first, half of May 
the new generations of larvte math- their appearance 
in some waters ; they were more common in 
June, and in the second half of ibis month they 
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appeared in the rice-fields, where they increased 
from day to day by successive generations ; in July 
and August, besides having increased in the rice- 
fields, they were found in all the clear and slowly 
running watercourses; here they remained till the 
abundant autumn rains washed out, so to speak, and 
cleansed the watercourses; and at the end of the 
year they were foimd only in the rice-fields and in the 
deeper collections of waters. 

The mature mosquitoes, in their turn, were still 
rather easily foimd during March in grottoes, huts, 
and stalls; in the huts some of them were full of blood. 
In April and May they were very scarce in these places 
and were no longer full of blood. In the first half of 
June they reappeared in considerable numbers in the 
grottoes and huts ; in the second half of this month 
they were more numerous and had begun to bite ; hi 
the huts the females were more numerous, and were 
full of blood, in the grottoes the males were found, 
but always without blood. Towards the end of June 
we foimd the first infected Anopheles, and these in¬ 
creased in number during-July, August, and September. 
After the autumn rains they diminished greatly in 
number, and when the cold weather appeared we found 
them as usual hibernating in the stalls and houses. 

Therefore, the correlation between the malarial 
epidemy and the life of the Anopheles mosquitoes h 
very evident, and now more than ever is it neces-ary 
to study in malarious places the season of the malarial 
mosquitoes, and to investigate its course and varia¬ 
tions. Here must rest the ultimate cause of the 
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periodic course of-tins'disease, and of its diverse 
annual course in various, climates. . ■ ■ 

If we analyse briefly this correlation for each of 
the three principal types of the. fevers, we find, 
setting aside the hypothesis that one species of the 
parasite can transform itself m rlie body of the mos¬ 
quito into another species by the influence of exter¬ 
nal conditions ; setting aside also the other hypothesis, 
which, we have seen, cannot-be accepted, namely, the 
hereditary transmission of the malarial infection from 
infected motners to the voting mosquitoes; that to 
explain the appearance of the epidemy of the. summer 
fevers there remain onlv these two hypotheses : 

Lirher f be first--cases of these fevers-in July are 
recurrences oi a previous infection, as was. observed 
last year at the farm of Eastiea; 

Or the very first cases -of these fevers in 
July are primary, as v,;is the case at the farm of 
Cervelletta. ' 

Both hypotheses are possible. In both we have 
to deal with a com,teuton, circulating', so to speak, 
between the temporary host (nianV and the 
debugivc host (mosquito), a contagion which, by 
means ot the blood of the relapsing cases of the 
preceding year, is transmitted by the ■ agency of 
mosquitoes, and starts the epidemic of the. followin'* 
year. ' ' 

This transmission of the emit,avion as regards the 
mild tertian is very manifest. W<- have had a uood 
example of it at the farm of Toi inpu-Jisui, wlierc for 
the whole of the second quarter of the \ear there 
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were only cases.of mild tertian, and when tlie summer 
epidemic appeared it continued to be of the same 
type of fevers. 

Nevertheless, it still remains to be explained why 
the summer fevers so notably predominate in neigh¬ 
bouring places, as at Cervelletta; and why sometimes 
there is an interval, sometimes a long one, between 
the last appearance of gametes in the blood of the 
relapsing cases and the first appearance of asexual 
forms of the primary fevers; and why the quartan 
appears and develops last. Is this last fact due to a 
longer period of incubation, or to its hsemosporidia 
having to await their development till the first fall of 
the temperature which is produced by the summer 
or autumn storms ? 

To decide all these and similar questions it will 
be necessary to continue for years comparative and 
systematic research like that which has been carried 
on for a year at Cervelletta. Tor the present we can 
only say, speaking generally, that intimate relations 
which are not yet thoroughly defined, must exist 
between the temperature and the development of the 
vai'ious haemosporidia of man in the body of the 
malarial mosquitoes, both outside and inside habita¬ 
tions. 

I would add, in explanation of this epidemy. 
that from July onwards there also enters into 
consideration the predisposing causes of social origin, 
these being able to revive some recurrences a tier long 
intervals of the arstivo-autunmal and spring levers, 
and being able likewise to concur in faeililaling tlie 
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new infections of tlie mosquitoes and of man Ami 
now, to briny to a close this 'first' part on the 
epidemiology of malaria, it is time to speak of 
the '■ 

Social Causes of Preihspositiox or''of Immunity. 

These. are multiple, inasmuch as they embrace 
that very important ensemble of causes which arise 
from the position of man in his social environment, 
or from his economic conditions, or from the class 
to which, he belongs. ’ 

Unfortunately on the human race there still weighs 
that fate by which both preventible diseases and pre-' 
mature deaths, as well as the duration of life itself, 
essentially depend on economic institutions. 

Malaria is not an exception to this sad rule,; on 
the contrary, it is a painfully manifest example of it. 
We shall therefore briefly analyse these social or' 
economic causes of predisposition to and of immunity 
against the epidemy of malaria, which are : alimen¬ 
tation, housing, clothing, work, and education. 

Alimentation. —It is certain that- food- should 
always be proportionate to the amount of work per¬ 
formed. Well, we shall see what in reality i.s-the diet, 
of the peasant who works in the Agro Romano, 
As the type, we can take the diet of the Abrnzz'ese- 
peasant in the Roman Campagna. as shown in 
Table XVI. The ration of thu. poor pariah for a 
great, part of the year, that is. except at harvest 
time, consists exclusively 'of maize of varying quali¬ 
ties. 




CAUSES OF PREDISPOSITION OB IMMUNITY 171 


Dr. Memmo has calculated by direct experi¬ 
ments the nutritive substances introduced and assimi¬ 
lated, in the form of polenta, polenta cake, or bread, 
the percentage of loss with the fasces, both of the 
total ration and of the azotised substances, and the 
balance of the calorie. 

When his figures are compared with those of 
the ordinary average workman of Yoit, we find 


Table XVI.—Alimentation of the Abruzzese Peasant in the 
Roman Campagna. 



the nutrition of our peasant is deficient in albumi¬ 
noid substances, while it has, on the other hand, an 
excess of carbohydrates, which makes it passable ; it 
is true, calculating it in calorie , it exceeds that of 
the above-mentioned workman, a .surplus which, 
however, is much reduced and becomes a deficit 
whenever the work gets fatiguing or excessive. 

The defect, then, of the azotised substances 
manifests itself in the inexorable and lasting phy¬ 
sical and moral injuries which give rise to the 
starved appearance of our poor peasants and in 
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3iis predisposition to malaria, and oilici infectious 

diseases. 

The shepherd in the Cauipasma who-gets, as 
his right, a daily ration of wheat bread, and some¬ 
times milk, works much less, is much better fed, 
and consequently more healthy, than our peasant who 
eats bread only, and not that always, on the days of. 

woik that is. when mowing the grass, and 
reaping- and threshing the corn. 

It happens that this poor pariah, who works for 
others infinitely more, than for himself, is frequently 
the slave of his masters, not always humane nor dis¬ 
posed to give him sound maize, and lie is nearly 
always the slave of the so-called mporali (overseers), 
who cut- off his wages and food with impunity, or 
give him. the latter in insufficient - quantity -and 
sometimes even diseased • at any ra te they make him 
pay a high price for it. bnder the most favourable cir¬ 
cumstances, there being no means of readily procuring 
food in the Campagna. lie must buy it at tlu* so-called- 
dispense (stores) belonging to the farms, where, in the 
absence of all competition, the storekeeper or the 
master has absolute power. 

We add finally that from 1700 onwards the daily 
wage here.in the Campagna has increased only 50^, 
while the price of food lias more than doubled: so 
that to-day the conditions of life, especially as re¬ 
gards food, are much worse, notwithstanding the in¬ 
creased profits from the land. Amu ding to ^ombart. 
if a hundred years ago the ero-v profit of a farm was 
equal to 100, the labourer received thirty parts of it. 
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and thirty-five formed the clear profit of the owner ; 
to-day the gross profit is equal to 200, and while 
the owner takes 130 parts, the labourer receives 
barely thirty parts as in the past. 

Housing. —Malaria being very frequently a do¬ 
mestic disease, one understands the great importance 
of this factor in relation to epidemics of the disease. 

The most common type of habitation in our 
malarious places is certainly the hut, of an oblong 
or round form, terminating in a ridge above, made of 
straw, maize canes, and wild plants, with the floor 
somewhat sloping, and surrounded outside by a 
trench for the discharge of the water. 

Popular tradition has taught the peasants to 
place these huts on the highest and best ventilated 
hills, in accordance with what we have said about 
the wind which disperses and does not carry malaria. 

There are two principal types of these huts. One, 
the more rare, and used as a habitation for several 
families, is a kind of long arched corridor, with a door 
at either extremity ; in the interior along both sides 
are placed the benches for sleeping on, in one, or some¬ 
times in two tiers. The beds are made from the trunks 
of trees, covered with straw, a mattress made of maize 
leaves, and a few rags for covering. In the 'middle 
of the floor is a line of fireplaces for the different 
families. The smoke given off by the fires, filling the 
hut, acts, as we shall see, as a prophylactic against 
malaria, by driving away the mosquitoes ; in all oilier 
respects this hut resembles that of primitive man. 
The other type, much more common, consists of 
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built upon ancient monuments along the ancient 
ways. 

The surface of the Campagna varying much in 
character, and malaria being, as we have said, auto¬ 
chthonous, it is not surprising that fairly inhabitable 
places exist here and there. Some of these were, as 
we have seen, famous in ancient times (see page 4), 
but they were afterwards abandoned. Others, such 
as Laurentum and Yeii, were transformed into 
mediteval domocultos (see page 6), to which new 
ones were added in the more healthy localities, which 
gradually became the modern communities of Anzio. 
Castelnuovo di Porto, Formello and Campagnano. 
Later, other inhabited centres such as the Castelli 
Romani were established in the hills above the 
Campagna. Similarly, all the villages and towns 
in the whole malarious zone of the province of Rome 
were built on hills in order to protect them from the 
underlying malaria. 

It is notable that in these towns malaria fre¬ 
quently prevails in the houses which face the un¬ 
healthy quarter. 

It is also notable that sometimes sporadic cases, 
so to speak, or distinctly domestic epidemies, occur 
in houses situated in healthy places, but put into 
communication with a malarious district by means 
of the hay-carts arid closed carriages which travel 
between the two places; this fact, for instance, has 
been verified at Yelletri, in the house, situated in n 
healthy locality, where the diligences from the Pon¬ 
tine Marshes stop. 
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In tlu -amc way. malaria may be contracted or lx* 
transported to a distant e in a laihva.A-carriage, when 
it'contains an infected mosquito 

The' origin of the -.ship. -ejMenries-. must: * also.. "bet 
similar; they, should, however. as we Ime said, be 
more carefully investigated' by means of the more' ; 
modern methods --of diagnosis .and from -the- new", 
epidemiological standpoint. ■ 

Clothing.-— The miserable peasant of the. Cam- 
pagna is generally so insufficiently and badly clothed .... 
that he is not protected from chills, to'Which he is.so 
liable in the Campagna, nor from the bites of insects. ■ 
The poor , people, and especially the - children who • 
swarm in the huts, are frequently seen in: an . almost " 
nude condition ; hence, perhaps, the 'heavy tribute 
they pay to malaria. 

Work. —In May and the early part of Time, the 
very fatiguing work of mowing and hay-making. • 
begins: this is performed by casual labourers wlio 
come mostly from the Marche, and■ thisbeing;-as we . 
have said, the heallluest season, it is very rarely that 
when they return to their homes i hey take with them 
the malarial infection,, notwithstanding that, they 
work for-seventeen or eighteen hours a day with only 
two short rests. ,, 

Then' in Jinn comes a srill more fatiguing work, 
that of reaping, which is generally done ‘oy other 
labourers, also casual, who come from the neighbour- ; 
ing villages, such a- llicti. l-'rosirone, Tcramo and 
Chieti. This work, in respect to malaria, is more 
dangerous than the formei. especially in some years. 
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With July and August comes the period of exces¬ 
sive labour—namely, threshing the corn. When 
the corn lias been gathered, there remain or come 
from other places a certain number of men for the 
threshing, which is generally done by machines ; but 
it is nevertheless very fatiguing working in the hot 
sun all day, and being exposed to the cold and damp 
of the night and early morning. In the night these 
poor people sleep in the open air, beside the ma¬ 
chines, or at best under a hut made of the green 
branches of trees, and consequently they are ex¬ 
posed continuously to the bites of mosquitoes, 
which may carry the contagion from one person to 
another. They light fires, it is true, with the idea of 
killing the mosquitoes that collect there, but these 
fires kill very few or none of the large number of 
those which they attract. 

This excessive work lasts, with short rests, for 
some, such as the feeders, from before sunrise to the 
evening, and for those who attend to the machines 
from the rising to the setting of the sun; for others 
'—that is, those who attend to the corn—it lasts 
during the whole day, every alternate four hours, and 
is performed by people who are exposed to very 
great changes of temperature, and who live on the 
food we have described. Therefore this excessive' 
work lie/ps to explain, as an additional predisposing 
cause, the recurrence of the fevers, and consequently 
the infection of new mosquitoes-; it also explains the 
appearance of the epidemy in July, and its greatest 
prevalence in August. And consequently it will be 



LBO EPIDEMIOLOGY . . 

important. to ascertain if there la; any condition 
between tlie longer nr shorter duration of thi* work 
(according to tin; variations'of the harvests in dif¬ 
ferent years) and tlie ann ual number of cases of fevers. 

When, the harvest is finished, the Oampagna 
•fortunately becomes depopulated.• •.' . 

From the latter half of September onwards the 
peasants, who live here for several months in the year 
as settlers, descend from the mountains.again, for the 
maize halves! , llus is not very laborious work, but 
it is dangeious as regards malaria, especially in those, 
years when the heat is prolonged, ahd thus also the 
fever season. \ . 

The shepherds also with their flocks descend from 
the Central Apennines in the latter half of September. 
They are fortunate enough to migrate from the Cam- 
pagua in June, before the fever season begins, and to 
remain away in an excellent climate during the 
months malaria is most prevalent in the ("runpagna. 

The people who work in the woods arrive in 
November and leave in April or. May; so that, though 
they live in these woods like the inhabitants of-virgin, 
forests, they generally avoid contracting the disease. 
And the same happens fortunately With the so-called 
aquttari, that is, the workmen who from November 
to May are employed in irrigation work. 

These, as all the other peasant of the rtmipagua, 
except the shepherds, are subject to the tyranny 
of the sweaters, who go under the name of caporali. 

In olden times it was the custom, in order to afford 
opportunities for improvements, for the rents to be 
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paid at long intervals, and for the workers to con¬ 
tract directly with the agent or the proprietor of 
the land, while to-day all contracts, with very few 
exceptions, are made through the caporale, whose 
power is as absolute as it is unjust. 

He puts whole families of workers in his absolute 
power, while they are still in the mountains, by 
advancing small sums of money to them. When he 
has collected together the number of braccia that he 
requires for a given work in the Campagna, he pro¬ 
ceeds to divide them into three categories : one 
consisting of the strongest men; another, called 
bastarda, of women and men, less able to work; and 
the third, that of the monelli , of women, old men, and 
children. The hardships to which these unfortunate 
people are exposed in their march on foot, in cars, 
or in railway-carriages, the ill-treatment, sometimes 
even corporal, to which they are subjected, complete 
the series of their miseries, that New Italy, entering 
Rome in 1870, has not only failed to relieve, but 
has done a good deal to increase. It is shameful to 
see here at the gates of the capital how this form, of 
tyranny is maintained and thrives with impunity, by 
which the miserable peasant, who through hunger 
migrates from his mountains to obtain work, is 
humbled like a slave, and treated worse than a 
dog. And it is grievous to see how, for their con¬ 
venience, to save themselves the trouble of dealing 
directly, as all the employers of every civilised 
country do, with the workers, our rich leaseholders 
and landlords permit such a condition of things to 




KNbUniOLOdY 


rout,mm- winch, besides benur. contrary to all-the 
n,sa^cs ol’ the most rudimentary civilisations-strongly 
predisposes to the spread ol'malaria. • 

Finally. among the causes'of social predisposition 
mnsl also lx* included 

Education.-— When This, on account of poverty, 
is wanting, all the most injurious prejudices, both 
regarding the sources and vehicles of the infection, 
and as to the mode ol preserving oneself from it and 
of treating its sad effects, arise and persist. 

Fortunately traditional experience in malarious 
places lias taught and teaches many useful-prophy¬ 
lactic rules : and the.new theories on the transmission 
ol the fevers by the agency of mosquitoes find giore. 
ready acceptance among the people than among the- 
half-cultured and the doctors themselves. Nowadays 
the old. prejudices against quinine, and the. mode 
of taking, it, have almost disappeared. But the 
misfortune is that this remedy is not -easily ob¬ 
tainable. nor is it as cheap as it might be. And. 
medical assistance, owing to the great distances and 
to the imperfect, means of communication, is very in¬ 
sufficient, and unprovided with the means of succour 
even where, and when it is most required. 




PART II. 

PROPHYLAXIS. 


MEANS DIRECTED AGAINST THE INFECTIVE 
CAUSE. 

(A) For Destroying the Malarial Germs. 

Verification of the Diagnosis. —The first 
step towards a good and rational prophylaxis is, as 
usual, the diagnosis of the disease, there being other 
morbid processes which simulate the malarial infec¬ 
tion. 

For making the diagnosis, the examination of the 
blood , which may be made in the fresh state or by 
staining, is necessary. 

For the examination of the fresh preparation , to 
avoid pain, the lobe of the ear is pricked with a 
needle, and a very thin stratum of blood is made 
by pressing in a pocket-handkerchief the cover-slip 
against the slide. Considerable practice is however 
necessary, especially for recognising the non-pigmented 
or slightly pigmented amoebulaj of lestivo-autumiial 
infections; these are frequently confounded with the 
^'vacuoles in the red corpuscles, which have nothing 
to do with the parasites. 
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This examination, ii' made by an experienced 
person, not' only enables Jam to make llie diagnosis. 
of malaria at . once, but also reveals to-him the 
clinical variety of the fever, and the stage of the • 
febrile period, particularly if the attack is about to 
begun: and this with such precision that lie frequently 
can < 011 ect the anamnesis obtained from the .patient.- 
Tins mi(roscopical examination is also useful as an 
aid to prognosis and treatment. In fact, there are 
grave cases of coma, m the presence of which even 
the most able clinician may remain perplexed; but 
one droplet of blood will demonstrat e atouce whether 
the case is one of pernicious fever or not, and will 
enable us to undertake specific treatment with energy 
and promptness. , - 

One has recourse to the examination of stained pre-- 
■parations , especially when the blood collected cannot 
be examined within half an hour or an hour at most, 
and when one lias not had much practice in examining 
fresh preparations. For this purpose the cover-slip 
must be thoroughly cleansed the lobe- of the ear, 
or the tip of the finger, to be pricked, is thoroughly 
cleansed with alcohol, or ether. It is necessary to 
spread out a very thin stratum of blood on each 
cover-slip, leaving it for some minutes to dry in the 
air, and then the cover-slips are placed in absolute 
alcohol, to fix the blood corpuscles and the parasites. 
After fifteen to twenty minutes the cover-slips are 
dried, and are then ready for staining,' which may 
be done at one’s convenience even months after. 

There are several methods of staining: there, is 
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first our simple method of staining with methylene 
blue, which acts better, as Guarnieri and I have de¬ 
monstrated, if the stain be dissolved in blood serum or ’ 
in ascitic liquid; and there are the double staining 
methods. These are done with various stains; but 
the best method is that described by Ehrlich in 1889, 
modified in 1891 by the Kussian physician Eomanow- 
sky, and improved by Ziemann in 1898. The staining 
fluid is a mixture of a solution of eosin with a solu¬ 
tion of methylene blue, which develops a third stain, 
that colours the chromatin. So that in reality it 
is triple staining. The eosin stains the red corpuscles 
pink, the methylene blue stains the hsemosporidia 
blue. The third stain colours the chromatin, which, 
as we have said, plays such an important part in the 
structure and reproduction of the parasites, a kind 
of violet tint. 

The proportions of both solutions are as follows :— 
Table XVII. 

(A) Very pure medicinal methylene blue (Meister Lucius).—Satu¬ 

rated watery solution kept for three days at 25° to 30° C. 

(B) Eosin A, G, or B (Meister Lucius).—Watery solution, 1 %. 

Take of A—parts 1-3. 

„ „ B—parts 2-5 and mis. 

The mixture must act on the preparations from 20 to 30 minutes. 

We cannot indicate in every case fixed proportions 
of the two solutions, because, no matter how slightly 
the conditions vary, the proportions necessary for 
obtaining the third stain at once alter. I hie fre¬ 
quently has to make several trials, keeping between 
2-5 parts of eosin and 1—8 parts of methylene 
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blue. .And oil (in, hi spite of every care, w<r -obUiitv. 
an imperfect stainimr. or a' precipitation of needle-- 
•siwiped rrvfilnls which prevents ;i proper examination 
of the preparation being made. - - 

'Ihe cover-slips with the Wood are placed-'sepa¬ 
rately in a Little vessel full of the staming-nrixture. 
'file staining completed, they are washed repeatedly 
in distilled water, dried slowly with the flame, and 
mounted m Canada balsam. 

Isolation.-- This is the first- prophylactic -men sure,; 
which should be adopted directly the diagnosis has 
been verified. In a. malarious place, whoever is affected • 
with the seasonal fevers is dansrerons to .others, and- 
consequently should he isolated. Malaria, since the 
latest- researches, must no longer be considered a . 
miasmatic disease, but a typically contagious disease, 
l-hat is, a contagion which is 1 ransmittcd front matt to 
man, not directly, but by the atrenev of the mosquito. 

The malarial patient, then, should be removed 
immediately from the place where he has acquired the 
infection, and, as much lor himself as for others, 
should lie ordered the facie cahim in gno-cegrotasti : 
for himself, lie being exposed to fresh bites of infected 
mosquitoes, and therefore to new infections of the same • 
or of other malarial parasites, as occurs in mixed 
infections; for others, because the sexual forms of the 
parasite are the source of infection to mosquitoes, 
and consequently to man. It is for this reason, for 
example, that the Homan hospitals, in regard to,the 
malaria of the Agro Romano, are not only places 
for treatment but. also for isolation. •. In fact, in 
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Rome proper that carrier of contagion, the malarial 
mosquito, does not exist. 

We have seen that the forms of the parasite which 
complete in this insect their cycle of sexual life are 
those extraglobular forms which to-day we more ap¬ 
propriately call gametes, and which, as we have 
already seen, belong to the endoglobular phase 
which terminates with the free life in the plasma. They 
do not appear so much in the circulating blood during 
the primary attacks of fever, as after the subsequent 
attacks, and there they remain for a long time, some¬ 
times for months, especially in the asstivo-autumnal 
fevers. Therefore it is not only in the first acute 
period, so to speak, of the infection that the patient is 
dangerous to others, but also during the whole time of 
convalescence, which is often prolonged. And a truly 
rational prophylaxis of malaria will be possible only 
when sanatoria are instituted where the convalescents 
can be retained until by repeated examination of 
the blood, and perhaps also of the spleen, the absence 
of the free forms or gametes has been verified. If later 
on, as is probable, a way be found of preventing 
with culicifugal substances the' biting of malarial 
individuals by mosquitoes, then this isolation will 
be much facilitated, and it will be possible to obtain 
it without the removal of the patient, bjr placing 
some jjrotective material on the exposed parts of 
the body, or any of the substances that drive 
away mosquitoes, and consequently prevent the bites 
of these insects, which are the propagators of the 
infection. 
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Disinfectants. —These must- attack Toth the 
sources and the carriers of infection. 

The disinfection of the infective, source, when-it 
is in man, consists altogether in the disinfection of the 
Hood. The specific' treatment is a true- internal 
disinfection ; quinine is the specific disinfecting sub¬ 
stance of malarial blood. 

This drug' was introduced into therapy in olden 
times. The Countess del Chinchon, wife of the then 
Viceroy of Peru, suffered from malarial fever in 1688:. 
at Lima, and by the advice of the Supreme Judge.of 
the place tried powdered Peruvian hark,.-which-was 
popular there as a remedy for. this- disease. .Her 
physicians were opposed to it, saying that it savoured 
of witchcraft. Wherefore the superior of the Jesuit 
convent intervened and blessed the powder, and tire 
Countess, who took it, was cured as if -by magic. 
The remedy was afterwards introduced into. 'Europe 
under the name of Cinchona bark, or- Jesuits' 
hark, after the Jesuit fathers who advised its use. 
Its success quickly became known. Nevertheless, 
thirty-two years after, Cardinal di Lugo, at Rome, 
had to protect its sale with a decree, hr which 
it became known as the Cardinal's powder. And 
forty-five years later, Charles tl. of England, owing 
to the opposition of his physicians, had. to take 
this drug secretly'for malarial fever; having been, 
cured of it, he made a decree guaranteeing and 
protecting Talbot., the inventor of the tincture of 
hark which had cured him. The medical faculty at 
first was diffident in accepting this remedy, though 
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its value was recognised by such able men as 
Sydenham and Torti. The latter, who' obtained such 
splendid therapeutic results, even in the severe forms 
of malaria, was accused by his colleagues of causing 
the death of the pernicious cases of malaria with 
this treatment. 

Great therapeutic progress was made in 1820, 
when the alkaloid was extracted from the crude bark 
by the French chemists Pelletier and Caventou. 

In order to make a thorough disinfection of the 
malarial blood it is very advisable to study the action 
of this drug, so that one may be able to know the 
manner and the time in which it should be adminis¬ 
tered. 

In 1869 the pharmacologist Binz made some 
admirable studies on this subject. He had a truly pro¬ 
phetic instinct; he divined that the cause of malaria 
was a protozoon, an amoeboid organism, because 
quinine, so efficacious against malaria, lias a specific 
action on amoeboid organisms, suddenly arresting 
their movement. 

And, indeed, this lias been verified. Under the 
microscope Marchiafava and I saw that, on adding a 
trace of a solution of quinine, the liasmosporidia, which 
previously exhibited active amoeboid movements, 
became still, and were expelled from the red corpuscle. 

So’ that the action quinine lias on the malarial 
parasite tends to confirm the fact that it is a proto¬ 
zoal organism. This, moreover, was one of the argu¬ 
ments that Marchiafava and I brought, forward in 
188-5 in favour of the new etiological theory of 
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malaria. Tlu; action of diis remedy i><, however, 

not yet fully understood. 

Lo Monaco and Taniohi have recently seen that 
on introducing a solution of quinine into a fiesh pre¬ 
paration of malarial blood, the eiidnglobnlar para- 
-iu's under the microscope feel its influence This, 
however, is manifested differently according tc the 
■strength of the solution of quinine used. . .Thus very, 
weak solutions cause the parasite to swell; weak 
solutions stimulate it for a, short time; those: of 
medium strength stimulate the parasites markedly - 
and terminate in the extrusion of the parasite from ; 
the red corpuscle: finally, strong solutions -cause 
the parasite suddenly to contract within the cor¬ 
puscle. 

They have also observed that the resistance of 
the parasite to the action of quinine is not always 
the same, inasmuch as it is diminished at the approach 
of the febrile att ack and during its development, while' 
the resistance reaches its maximum .degree' (hiring 
the period of apyrexia. 

On the basis of these results the. authors have 
been able to determine the rational dose of quinine 1 
necessary for the cure of the malarial infection, and 
to demonstrate that if quinine does not ac t so promptly : 
on the summer and quartan forms of the parasite as 
on the mild tertian form, this depends on the greater 
resistance which, the young forms oppose to the 
specific remedy. 

"Nevertheless, the mode. ol'. action - of quinine 
is not so simple. 'It - appears that' it also lias 
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a necrotic action on the protoplasm of the parasites. 
In fact, by the Romanowsky method of staining, one 
sees, after a malarial patient has been subjected to 
the action of quinine, an alteration in the protoplasm 
of the parasite, especially in the chromatin, which is 
no longer seen, or is very scanty. Perhaps the 
quinine acts by combining with the protoplasm 
and that this action takes place even through the 
red corpuscle, but we do not know in what way the 
latter participates in it. 

What is the proper time to give quinine to a, 
patient suffering from malaria ? 

Sydenham said that it should be given after the 
attack, while Torti suggested giving it before the 
attack. 

In reality, quinine, when given in a sufficient dose 
—namely, 2 grammes of the sulphate or bisulphate— 
has always a good effect; moreover, in severe fevers 
one must not wait to give it at this or that parti¬ 
cular moment, but should give it immediately, if 
necessary even by the subcutaneous injection of the 
dihydrochloride, and continue to administer It in 
divided doses up to 1-2 grammes a day. But when 
one can wait to study carefully the rhythm and the 
precise hour of the febrile invasion, it can be given 
according to either Torti’s or Sydenham’s precepts. 
In the 'first case—namely, that in which quinine is 
given a little before the attack—this will supervene 
just the same, sometimes, however, in a milder form, 
at other times ■without being weakened in the least. 
Nevertheless, another paroxysm will not occur, or if 
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if. flues, it will, be milder; and if. a, large.dose of 
quinine 1m given before this second attack is due, 
very probably it, will not occur. and almost cer- • 
tainly the third paroxysm will.be cut oil'. ■ 

Un the other hand, if tlie quinine be given when 
the attack is ending, that is, in the sweating stage., 
which is the time when there-are the greatest- number 
of young amoeboid forms in the circulating blood, 
it will prevent the recurrence of another paroxysm. 
Consequently, if one can. wait, this is .a suitable time 
for administeriug quinine. At this time the stomach 
tolerates it better, and there are in the red cor¬ 
puscles young amoabulte endowed ■ with, amoeboid 
movement, which is arrested by the alkaloid. ' A 
little before the attack begins, when the gyinuospqres 
are in the circulating blood, -the quinine is but, 
slightly efficacious against them. It also has little, 
effect on the parasitic, forms which, give rise .to the 
obstinate recurrent fevers. 

Practising last year in the Campagna. we have seen 
cases of recurrent fevers in persons who had regu¬ 
larly taken quinine immediately after the 'very- .feat 
attacks, in a daily dose of 2 grammes for 4' days, 

I gramme for 4 days more, and then 2 grammes 
every 6 days. 

Still more, unfortunately, quinine does not act, 
on the gametes that ensure the sexual cycle in 
the mosquitoes; even when giving, quinine every 
day by subcutaneous injection and in large doses 
for a whole month, I have not often succeeded in 
destroying the crescentic forms. Thus, after the 
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administration of the drug, even the gametes of the 
tertian and quartan continue to circulate in the blood. 

Upon these forms of the parasite, which are the 
most dangerous from the epidemic point of view, 
quinine has no influence. 

In fact, by making Anopheles bite men under¬ 
going, quinine treatment and having crescents in 
their circulating blood, the sexual cycle develops in 
spite of the treatment. Consequently complete disin¬ 
fection of malarial blood cannot always be obtained, 
and therefore a complete rational prophylaxis by 
means of this disinfection, notwithstanding what Koch 
says about it, is not easy, nor is it always possible. 

Fortunately it is known that, by giving quinine 
to malarial patients at the beginning of the fevers, 
one can generally prevent or notably reduce the 
formation of the gametes. 

Therefore, by the employment of an early and 
well-continued specific treatment, we can and ought 
to prevent as much as possible the development of 
the forms destined to transmit the infection from 
man to man, through the mosquitoes. 

Unfortunately for the carrying out of this dis¬ 
infection of the blood, the difficulties are not few 
among the poor people of the Campagna, who remain 
in the place where they have been infected and 
during the favourable season continue to be re¬ 
infected. And not rarely cases of intolerance of 
quinine are met with. 

Consequently it is more than ever necessary 
that sanatoria should be built in healthy and elevated 

o 
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sites for the reception <>)’ at least, the most severe 
cases of malaria from the 1ii>t paroxysms of the fever 
till their complete cure. 

We now proceed to consider the disinfection of 
the source, and at the same time the carrier of infec¬ 
tion — the'malarial mosquito. ; ’ ■ 

This is a, disinfection, sui generis , which, even 
before it ,was known how dangerous some mosquitoes 
were, has been attempted, in order To'prevent or 
lessen the great discomfort which the bites of these 
insects produce in man. 

Mosquitoes can be destroyed ip various ways, 
according to the two periods of their life—namely, 
the aquatic and the aerial: And even during the 
aquatic stage of their existence, their powers of 
resistance differ; thus, the eggs are -moderately 
resistent: the young larvae possess very little power 
of resistance; whereas the adult larvaq and par¬ 
ticularly the nymphag are veiy insistent..' 

Fortunately for the practical employment- of disin¬ 
fection, the nymphal period is transitory, and is very 
short in comparison with the larval stage. - 1 

The problem consists, therefore,, in practice, in 
destroying the larvae in the water and the mosquitoes 
in the air. 

For this purpose T)r. Casagrandi and I have entered 
upon a long investigation, the first results of which 
are shown in the following tables, where the sub¬ 
stances used, their strength, and the maximum time • 
they take to kill the larvae and nymphai of mosquitoes 
are tabulated. -A • 
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Destruction of the larvae .—Attempts at the de¬ 
struction of the larvae have been already made else¬ 
where. In America there are regions where no 
one can live on account of mosquitoes; so much is this 
the case that prizes have been offered to any one who 
finds the most practical means for destroying them. 

They have had recourse to the breeding of fishes 
in ponds, hoping that these would destroy the 
larvas; but it did not prove successful—as was to 
be expected, because there are examples of various 
malarious regions in which the larvas abound in 
ponds that have been used for breeding fish. It lias 
been proposed also to rear in ponds and other 
collections of water dragon-flies, knowing that 
both the larvae and imagoes of this insect are 
carnivorous, that is to say, the larvai of the dragon¬ 
flies destroy the larvae of the mosquitoes and the 
dragon-flies the mosquitoes. But even this means is 
unsuccessful, inasmuch as mosquitoes are so prolific 
that they can be destroyed only to a small extent by 
dragon-flies. 

A remedy, which was also proposed in America, 
and which acts much better, is, as we shall see, 
petroleum. 

Table XVIII. shows the substances which act on 
the larvai of mosquitoes. 

From it we see that the vegetable kingdom sup¬ 
plies some very energetic larvicidal substances: for 
example, infusion of tobacco leaves, and powdered 
unexpanded flowers of Dalmatian chrysanthemums 
or pyretlirums {Chrysanthemum; Pyrethrum cineraria’- 
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folium), which are the essential part of the so-called 
insecticide powders, and are potent specific poisons, 
killing; (Ik; larva; in a, few hours. > - 


Table XVJII.—Acrrox of CimioiDAi. .Substances osr thb La ewe 
OF MosqUITOKS (0. PIPIENS, 0. ANNULATUg). 

At tho Ordinary Temperature (18 p to 20LC.). 


Tobacco leaves, saturated watery infusion of 

, Potash .- . 

| Chrysanthemum powder (unexpanded flowei 
I 0-03 r ’; m .... 

| Corrosive sublimate 1 °/„„ . 

! Chrysanthemum powder (2nd quality) 0-06 °j K 
! Sulphurous water, non-saturated 1 
I Salt water (5-10 NaCl) •. , . 

Extract of tobacco of commerce at 10 
Bisulphites of soda and of potash 1 % 
i Sulphate of copper 1 
! Sulphate of iron 1 °/ ( . . 

j Tar 10 »/,. 

I Aiumomaeal water of coal-gas 
| Milk of Lime 5 °h 

! Sulphuric acid 1 s /. 

| Potassium bichromate 2 + H'-SO ‘ 3-1 
■ Valerian root, saturated watery infusion , 

. Solarium nigrum 
j Daphne Gmdmm 

| Sodium sulphite, saturated watery solution of 
i Potassium permanganate 5 °/ u „ . . 


Among the mineral substances potash in normal 
tenth solution or a little stronger also acts quickly. 
Corrosive sublimate, which is such an energetic 
bacterial disinfectant, is in this case not very active, 
requiring at least five hours to kill tJu- larvae, even in 
a, solution of 1 °/oo; while the uynxplne live for a longer 
time. Sulphurous water, even non-saiurated, and 





MEANS DIRECTED AGAINST INFECTIVE CAUSE 197 


salt water 5 to 10 % are also sufficiently energetic 
larvicides. 

Next come a series of substances that act less 
energetically, from the bisulphites to permanganate of 
potash, which, even in solution of 5 u / m , does not kill 
the larvae until after three days, and consequently, for 
this reason, as well as owing to its cost, is not practical. 
Moreover, in marshy waters, where there is so much 
organic material, it would lose a great part of its action. 

It is interesting to see separately the larvicidal 
efficacy of certain staining substances derived from 
coal tar. 

Table XIX.— Culicidal Action of Aniline Dyes on the 
Larvje of Mosquitoes (Gen. Culex). 


1 | Green malachite . 


0-50 

0025 

0-0125 

0-0062 

0-0031 

0-0015 




24 h -26 h 


84 h -48" 

36 h -108" 

48 h -siu-vive 


, Gallol. 


Larvicide 


I 0-50 

[ 0-025 

0-0125 
00062 
| 0-0031 

0-0015 
lj 0-0007 


0-025 
0-125 
0-0062 
00031 
0-00125 
0-00062 
0-00081 
0-00015 
0-0007 
0.00031 


6'>-12" 
16"-24 h 
24 1 '-36 h 



4S h -10S» 

72"-sm-vive 
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These results <‘ii:> !>!<■ u- to com hide* that among 
the aniline dyes (bine, violet, red, yellow, green), 
those which have the most energetic action are 
larvioide, gallol, and green malachite A. 

Of these three colours the most active is larvicirle, 
whose certain larvieidal dose in twenty-four hours 
is O-OOOlfj %„ while for gallol it is 0-012d %, and 
for green malachite A -(H)2d °/w- 

Tlie minim tun larvieidal dose of the first falls 
to 0-000031 °/ 00 , wliile for the second it stops at 
O’OOOT and for the third at 0 - 0031 °/ •• 

The two best larvieidal substances, larvicide and: 
gallol, are supplied.by Weiler-ter-Mccr. of Ferdingen, 
and the green malachite A may be obtained in 
Berlin. 

Idle aniline dyes in general possess the useful 
quality of diffusing themselves, in an extraordinary 
way in water, so that a very small amount colours a 
very large quantity of water. .Momnor, \or\ vn ak 
solutions are sufficient to destroy the young larva 3 ; 
rapidly; and if tire solution be made a. little stronger, 
but still very weak, the adult larvae are destroyed in 
twelve to twenty-four hours. Besides, wliile petro¬ 
leum, being volatile, evaporates readily, the aniline 
dyes, on the contrary, remain active l'ot a long time. 
In a large amount of-water a solution of one of these 
two dyes remained active for more than two months, 
killing the larvte in fourteen to twenty hours. The 
action is gradually lost when the water becomes 
putrid, which, how-erer, in natural clear waters, 
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where the larvae of Anopheles develop, does not occur, 
or occurs to a much less extent. 

Consequently these aniline dyes are of great 
practical value, especially as they are not poisonous 
to man nor to mammals, so that the water that con¬ 
tains them in solution can he drunk by cattle. 

They are, however, poisonous and deadly to manv 
insects which live in marshy waters and cause 
damage to crops. 

These waters, tinted with the aniline colours, are 
not in the least injurious to plants ; so that- this system 
of disinfection can also be applied to the water of 
rice-fields. 

Larvicide is much more active, and cheaper than 
pallol. It is sufficient to say that its cost for dis¬ 
infection per cubic metre of water varies from lire 
0-00-36 to 0-0012. 

In Table XX . we see the effect of various sub¬ 
stances on the larvse and nymplne of the genus Culex, 
from the most potent to the least efficacious. We 
see that water saturated with sulphurous oxide kills 
the larva 1 in ten minutes and the nymphte in twenty- 
five minutes. The sulphurous water can be readily 
obtained by burning sulphur and passing its vapour 
through water. We can also obtain the licpticl 
sulphurous oxide in metal tubes, where it is under 
high pressure, and by opening the tap it can be 
passed into the water to Ire disinfected. Perhaps its 
manufacture on a large scale will reduce its cost, but 
at present it is too dear to be employed for this 
purpose. 
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Permanganate of potash, which by itself is of 
little use. with the addition of hydrochloric acid 5.'%»' 
is effectual in a strength of less than per 1,000. 

The saturated solution of salt is very powerful, 
hilling the lawaa in half an. hour and the .njnijphje 
in an hour; but this solution, though it can. be had' 
naturally in. the salines, cannot in realin be utilised in 
practice,, owing to its great eo-t in Italy, and the large 
quantity that is necessary. In certain cases sea water. 
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when it is near, is the best and most practical form 
of disinfectant for the larva?. 

The powder of the unexpanded flowers of chrysan¬ 
themums is capable of killing the larvse rapidly. 
It is a true larvicidal and nymphicidal poison, and 
is very soluble in water. We shall see also that, 
in the form of fumes, it is excellent against the 
mature mosquitoes. 

Petroleum, in the strength of 020 cc. per 100 
c.m.q. of surface, acts well, killing in four hours both 
the larvae and nympha? ; but if it be weaker than 
0T0 cc. per 100 c.m.q. it takes six hours, and below 
this all larvicidal action ceases. 

Ordinary oil also acts in the same manner, and 
on forming a thin layer on the surface of the 
water it kills the larvse in ten hours. Both the oil 
and the petroleum have a mechanical action only, 
that is, by intercepting the air from the larvse, which 
require much oxygen, and therefore come frequently 
to the surface to breathe. If this stratum prevents 
the exchange of air they die, but if the whole surface 
of the water is not covered, space is left by which 
the larva? are enabled to gain access to the oxygen 
in air, and they do not die. So true is this that the 
nymphas, which resist chemical disinfectants longer 
than the larva;, in water with oil on the surface die 
in a shorter time than the larva; (in four hours, see 
Table XX.). This is to be expected, because they 
require more atmospheric oxygen than the larva?., and 
have to come to the surface more frequently than 
the latter. One readily understands why, directly 
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the. petroleum evapoiaw*. nil it-, buvicidal fiction 
ceases. • 

Formalin, a very powerful bacterial flisurfcctant, • 
requires not less than ten houps to kill the larvto anil 
twelve to kill the nymphfe; therefore, this bacterial 
disinfectant, is of little use for our purpose: 

LysoJ requires twelve hours to kill the larva*, 
twenty-four to kill the nymplisc. Caustic lime in a 
concentrated solution of 10 % requires more than 
a day! , 

Summarising the effects of all the substances that 
have been enumerated for the destruction of the 
larva:, we have, in a decreasing order of potency— 
Mineral substances—Sulphurous dioxide, per¬ 
manganate of potash with hydrochloric acid, common 
salt, potash, ammonia, carburet of lime, sublimate, 
chloride of lime, and then bisulphites, sulphate of iron 
and of copper, lime, bichromate of potash, and sodium 
sulphite. 

Organic substances—.Vegetable insecticide pow¬ 
ders (flowers of Chrysanthemum; Pyrethmm cine -, 
rarkefolium), tobacco,, petroleum and oil, formalin, 
cresol,.some aniline dyes and tar. . 

Taking into consideration, however, the quan¬ 
tities required, their practicability, and. price, all the 
mineral aud some of the organic substances are 
out of the question, and there remain only the vege¬ 
table powders, the aniline dyes, and petroleum. 

By cultivating chrysanthemum or pyrethrum 
plants largely, from the uhexpanded flowers of which 
the powders are made, it is very probable that one 
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will succeed in making the malarious place itself 
produce a substance which is capable of destroying 
the mosquitoes which infest it. 

The selection of the larvicide for any particular 
place will depend upon circumstances. It must never 
be forgotten, however, that the most suitable time 
for destroying larvse is the winter and the begin¬ 
ning of spring, when they are fewer in number in the 
water, and new generations are not being developed. 
In the winter also it is necessary to insist on the 
destruction of the- mosquitoes themselves in houses 
or in any place where they are found. 

A more perfect knowledge of the habits of these 
insects, of the places where, and of the time during 
which they ovulate, will assist in devising means for 
their destruction, which, even under the most favour¬ 
able circumstances—that is, when sanitation will have 
done all that it can do—will be a very difficult under¬ 
taking on an extensive scale. 

Destruction of mosquitoes .—For a very long time 
attempts have been made in this direction. In 
America, for example, besides raising dragon-flies 
on a large scale with the hope that they would 
destroy mosquitoes, it has been proposed to light 
lamps in the places infested with these insects, 
standing them in a vessel containing a eulicidal sub¬ 
stance, with the idea of destroying the great number 
of mosquitoes that would be attracted by the light. 
But even this means has failed. Again, in all places 
that are infested by mosquitoes, many eulicidal sub¬ 
stances are sold—in Italy, for example, hi razzia. 
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insecticide mh-s. &<:. : bin we cannol bring about a 
wholesale destruction by 1 1mso uv-am. Ian ause tlx*) 
are too cosily, and bolides, even when used in a 
room, they 'more often produce apparent death 
(lastin'' for a variable time) than real- death of the 
mosquitoes. 

We have directed our attention to tIns niartej. 
and we have tested many subdaims, alv av* 
selecting those which are cheap, so that if .found 
efficacious, they could be used qn a large scale.. Our 
experiments are tabulated in Table XXI., and—it 
is well to note—they were made, for the purpose of 
comparison, in a very small chamber, and equivalent'' 
quantities of the cuhcides were used. • ■ . • ' 

The substances employed arc* divided into three 
categories: odours , fumes , and gases. Among, the 
odours, oil of turpentine and iodoform occupy the' 
first position. 

Xexl come the agreeable odours of menthol and 
nutmeg; they cause apparent- death of mosquitoes 
in ten minutes, and actual death in from two to three 
hours. . 

Camphor stupefies them in four or five minutes, 
and kills them in from four to five hours. 

Garlic stupefies them in a few minutes; kills 
them in about five hours.. This explains the very 
old custom which is adopted in some malarious 
regions, by those who work ih the rice-fields, of 
hanging round their neck little bags containing 
camphor and garlic with the hope of protecting 
themselves from the bad air; we now know 
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that, this prevents the malarial mosquitoes biting 
them. 

Then come substances that are less powerful, 
pepper, naphthalin, and onion, which, though being- 
very similar to garlic, produces apparent death of 
mosquitoes after a much longer interval, and never 
kills them. 

As to fumes , we would observe first of all that 
the peasants and shepherds of the Agro Bomano 
unconsciously adopt a prophylactic means against 
malaria by lighting a fire in their huts. These small 
and badly ventilated habitations become immediately 
filled with smoke, and the mosquitoes which are 
in them either rapidly fly away or become stupefied. 

However, as appears from Table XXI., wood- 
smoke is much less efficient than the fumes of 
many other substances, requiring a few minutes to 
stupefy the mosquitoes, but many hours (from twelve 
to forty-eight) to kill them. 

The most efficient culicide is tobacco smoke; 
this instantly produces apparent death, and actual 
death in two or three minutes. In malarious places 
one frequently hears it remarked that ‘ it is necessary 
to smoke, in order not to get the fevers ; ’ which is 
not very far from the truth, inasmuch as tobacco 
smoke drives away mosquitoes. Nevertheless, a rela¬ 
tively* enormous quantity is necessary for killing 
them, which certainly cannot Ire produced, even 
in a small room where many persons smoke, and 
where they end by making themselves feel ill. There¬ 
fore in houses it is preferable to burn larvieido. 
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and the powder of Dalmatian chrysanthemum*. or 
pyrethrums, which in respect to itv culicidal action, 
comes immediately after tobacco.' Its fumes do not 
produce any discomfort. Finally, we have experi¬ 
mented with several other . aniline colour?, which 
1mm, we have found that none of them equal 
larvidde in potency. . 

The fresh leaves of eucalyptus may be utilised and 
burned, if there is nothing better, especially .in railway 
stations, where, as we have said, these trees are very 
common. The fumes of quassia wood are slightly- 
less active, killing the mosquitoes in five hours. 
Pyrelhrum powder, which is the chief constituent of 
many commercial Insecticide powders, requires eight', 
hours to kill these insects, but it stupefies them more 
quickly than the fumes of quassia. 

The dried leaves of wild mint, and pitch give off 
fumes whose action is almost identical wit.l) that of 
quassia. 

Then come other substances which stupefy the 
mosquitoes more or less in the. same time as the pre¬ 
ceding, or in a few minutes, but which require-a much 
longer time to kill them—namely, from twenty-four 
to thirty-six hours. These are the fumes of rosemary, 
the so-called culicidal cones, dry camomile flowers and 
salvia. 

The Last eulicide is wood smoke.;, this'also causes 
apparent death in a few minutes, but kills them 
sometimes only after forty-eight hours. 

Some gases are more effectual'than many of the 
fumes just mentioned. In .fact, sulphur dioxide, 
hydrogen sulphide, coal gas, formaldehyde, produce 
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Table XXI.— Action of Cflicidal Substances on Mosquitoes 

<C. ANNT7LATFS, C. PU'IENS. A. CLAVIGEEl. 



. Odour of essential oil of turpentine 
iodoform 
menthol 


camphor 
leek . 
crushed pepper 
naplifhalin . 


dry and fresh basil 
asafetida 

II .—Em 


chrysanthemum powder (' 
expanded flowers) 
valerian root 
fresh leaves of eucalyptus 
■puassia vvood 
pvrethrum powder 
dry leaves of Mentha Puh- 

dry leaves of basil 
dry rosemary 
cnlicidal cones 
dry camomile flowers 
dry leaves of Saturyit, 


wood 

guaiacom i 
incense 









1 4 i Ulmnino-ling gas ...... 

5 Kovnmklehydi’: (Trillftt's apparatus) . 2'" 

0 • Sulpbnret of carbon . . . . If!*- 30 

7 : Acetylene . . . . . . . — 

apparent death instantaneously, and actual death' 
after 1-2 minutes: others, such as sulphuret, of 
carbon, cause apparent death in 10-15 minutes and 
actual death in 15—30 minutes. 

It is curious that the action of acetylene gas is 
absolutely innocuous to mosquitoes. 

Of these gases the most easily procured is certainly 
sulphurous oxide, which all can obtain by burning; 
sulphur in. a room, hut owing to its irritating. 
action and its slight diffusibility, in large rooms It is 
not very useful nor practicable. 

It is to be particular]]' remembered that in general 
all these odours, fumes, and gases must completely 
saturate a room in order to kill the mosquitoes. 

After performing the above comparative labora¬ 
tory experiments last summer, ve made numerous 
experiments on a large scale to protect-houses, and 
especially bedrooms, from mosquitoes. And we 
have found a powder composed of larvicide, unex¬ 
panded dowers of chrysanthemums, and valerian 
root, to be the best for the. purpose. Hunting 1-2 
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tablespoonfuls of it in tine evening in a room 36-40 
c.m. stupefied the mosquitoes until morning; bv 
burnmg larger quantities, they were found dead in 
the morning on the windows and floor. The fumes 
of this powder are not disagreeable to most people, 
and if valerian be unpleasant to some, it can be 
omitted, or its odour can be masked. 

In any case the task of the destruction of mos¬ 
quitoes in the houses of malarial patients becomes at 
least as necessary as the destruction of pathogenic 
bacteria, inasmuch as it has been proved that malaria, 
during that period of the year when the mosquitoes 
re-enter the houses, is a true domestic disease. 

Consequently, the problem of the destruction of 
mosquitoes-, as a means of anti malarial disinfection, can 
and should be brought into the practical held of public 
health. Considering the enormous sums spent bv nations 
and private individuals to protect vines freon the oidium, 
peronospora. and phylloxera, it is to he hoped that 
something win be done to protect man freon the malarial 
mosquito. 


(Bj For Preventing the Penetration of Malarial 
Germs into the Human Organism. 

Many prophylactic measures can be adopted for 
this purjV.»e. some of which have been hr a bug 
time employed by popular experience. 

First of all it is necessary to avoid deeping in tie- 
open air. also absolutely to avoid leaving the 1j<- u~<- 
between sunset and sunrise, or migrating during 
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this period from .unhealthy place-' in order to bleep 
on elevated situations. - 

It is equally necessary to a\uid keeping a light 
in the room where one sleeps, when the windows 
are open and unprotected. because the light, as is 
well known, attracts a large number, of insects. 

Unfortunately, however, these conditions . can¬ 
not be rigorously adhered to by people who have to 
live and work in the Campagna. And therefore a 
series of mechanical and chemical means must .be 
adopted to prevent the bites of mosquitoes. 

The first, mechanical means is certainly clothing ; 
this in malarious places should be, even in the summer, 
of thick woollen material, similar to that worn in 
winter, to prevent not only chilling of the hotly, but 
also the bites of mosquit-oes, which, when they are 
hungry, bite through thin clothes. 

Mosquito nets should also be used round the beds. 
It is not easy, however, to employ them'in such away 
as to prevent the entrance of a stray mosquito 
which has got into the bedroom. And it is there¬ 
fore necessary, before evening, to try to kill the mos¬ 
quitoes that get. into the bedroom by one ; of the 
methods above described. 

The best mechanical means is that of protecting 
the-windows and doors of the houses with'a close net¬ 
work to prevent the entrance of insects * this may; 
consist of simple, tulle, which costs little, or- of 
iron wire gauze. However, in - the case of people 
who, owing to the climate and ■ malaria-, become 
apathetic, we are certain that the. gauze should be 
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permanently fixed to the windows and to the doors 
in such a way that they shut automatically. 

In order to better protect bedrooms it is ad¬ 
visable also to put up a door on the staircase made 
of this network. In this way we made, during 
last summer, an extensive and decisive experiment 
in the railway cottages between the stations of 
Prenestina and Cervara on the Rome-Tivoli line, and 
in a portion of the Rome-Civitavecchia line, which 
are notoriously the most malarious of the Latial rail¬ 
ways. The results were in comparison with the 
unprotected cottages so obviously favourable, that 
during the next malarial season we shall repeat the 
experiment on a more extensive scale. So favour¬ 
able were they that, in the above-mentioned cottages 
between Prenestina and Cervara, only those men who 
were on night service contracted fevers. 

Along the same malarious railways we have 
advised the wearing of a cowl similar to that worn 
by bee-keepers, and gloves connected with the sleeves 
of the coat for those men who have to work at night, 
or in the evening. The cowl would certainty be 
more useful than the respirators recommended to be 
worn in malarious places. The men, however, had 
not the patience to wear them. 

There are, in addition, a number of chemical or 
mechanico-chemical means, which consist in applying 
on the skin of the hands, face, neck, and other exposed 
parts cidicifugal ointments, soaps, or wadies. These 
in certain places have been in use for a. very long 
time. There are malarious regions where the inliabi- 
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i.ants ru!) then* hands ami face with the odorous. fats 
of certain Jishfs or of certain kinds of game; for 
example: in oilier pjar.es they wasli their hands: 
and lace villi infusions of certain plants, such - as 
quassia, camomile. <fec.. Analogously a person .can 
nv th vjnqt! <iibmi <■ or scents on his body . and 
clothing. 

We have already mentioned the custom the 
workers in the rice-fields have of. wearing round the 
neck, a small bag containing camphor and leek, with 
the view of creating around the body an atmosphere 
distasteful to mosquitoes. With the same purpose, iu 
many parts of Sardinia., it is the custom to rub the skin 
of the uncovered parts of the body with a piece of leek. 

Recalling what we have said .regarding the culi- 
cidai and culicifugal actions of odours, we can select 
several to keep away mosquitoes, and thus prevent 
them biting. Bui in the open nir, especially when 
it is windy, there is little reliance to be placed in these 
odours or in the culicifugal washes. Both 'the 
former and the latter are, however, efficacious and 
useful in living-rooms, that is in a confined space, 
where the air is impregnated—I might almost say 
saturated.—with them.' Of the various substances 
used on the skin, the pomade of valerianic acid, and 
soaps containing' extract, of tobacco or turpentine, 
have given the best results for a certain time in the 
open air. Of these three last culicifugal substances 
turpentine soap is the best, .inasmuch as it ha« an agree¬ 
able. odour, does not irritate. the skin, ami when no 
longer required can be washed off with, a little water. 
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Finally, where electricity can be easily and cheaply 
obtained, an electric ventilator placed near the bed 
may be useful, it being known that mosquitoes avoid 
strong currents of air. 

It remains however to be seen whether, when 
they are very hungry for blood, and when they are 
in clouds, the mosquitoes will not overcome their 
disgust for these culicifugal substances in the various 
forms of pomades, soaps, washes, and perfumes. 

We now come to the 

MEANS DIRECTED AGAINST THE 
PREDISPOSING CAUSES. 

1. Against the Organic Predisposing Causes. 

We have already seen that the chilling of the body, 
and all those conditions which predispose to rheuma¬ 
tism, predispose also to malaria in a marked degree. 

Therefore the custom of the inhabitants of 
malarious regions of wearing, when they can, heavj r 
woollen clothing both in summer and winter, espe¬ 
cially when they have to go out at night or in the 
early morning, is a wise one; and thus proper clothing 
comes to be a powerful prophylactic against malarial 
infection, inasmuch as it protects one from chills. 

Is it possible to produce an artificial immunity 
against malaria ? 

We’shall not repeat here what we have already 
said about natural or hereditary immunity, or of the 
immunity that may be acquired from previous infec¬ 
tion, or of the trials made by us to immunise 
against experimental malaria. We have seen that 
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among medicinal substances arsenic appeal's to have 
some efficacy against an experimental infection-, • 
hong before these investigations were commenced, 
moat prominence was given to arsenic as an im¬ 
munising agent: in fact one mu}' say that Tornmasi- 
Ormleli was the chief advocate in favour of the 
prophylactic action of the drug. 

Experiments on a. large scale were afterwards 
made with arsenic along the -Adriatic railways, at 
the initiative of. the chief inspector, .Ricchi. at Bovino, 
an intensely malarious locality, where the railway 
staff was divided into two equal parts, one of 
which was subjected to the arsenical treatment, the 
other not. ■ • . 

The results are given in the following table >— 


Table XXIlI.—Absenicai.' Phowivlaxis or Malaria. 
Bovino Station ; 78 Bailm-ay KantovAs. 


39 treated with arsenic j 
89 not traded 


A harfl mild fevers, 
all had fovtirs. 


Tire arsenic was given in the form of gelatine 
tablets similar to a postage stamp, each of which 
contained 1 mgr. of arsenious' acid, and the tablets 
had to be taken in the presence of the local doctoi 
From the above table the undoubtedly favour¬ 
able immunising action of arsenic in respect to malarial ' 
infection is manifest. . : f ■ ■ 

Tliis experiment- was .repeated in 1889 in 
various . malarious spots along the Adriatic line 
on 657 railway men; and it had an equally favour¬ 
able result, inasmuch as 4trJ of them were protected 
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from the fevers, 119 had mild fevers, and the re¬ 
maining 136 were not influenced by the drug. 

The arsenical prophylaxis therefore is of some 
utility. 

A quinine prophylaxis, as we have already said, 
has also been attempted, both with liqueurs which 
contain a very small quantity of this drug, and with 
therapeutic doses, that is, giving 1 gramme or ft 
grammes of quinine every five or six days, thus hoping 
to kill the parasites during the incubation period. But 
if it be given in small doses it has no effect; if in 
large doses, as we have said, it cannot, as a rule, 
be tolerated, especially in summer, even when taken 
every five or six days. 

Perhaps the preventive administration of euchinin, 
which has not the bitter taste of quinine, and does not 
produce such severe cerebral and digestive disturb¬ 
ances, will be more feasible. At present, however, it, 
is too expensive. 

There is not much reliance to be placed on the 
substitutes for quinine, nor on phenocoll; on the 
contrary, much is to be expected from medicinal 
methylene blue. With this drug and euchinin we 
intend to make prophylactic experiments on a, large 
scale. 

This is what has been done up to now against 
the organic causes of predisposition to malaria. 

We can and ought also to combat, the local causes 
predisposing to this disease. Consequently we shall 
now proceed to speak of the prophylactic means 
directed 
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(2) Auaiss? thu Lomax I^bwspoxing C.uvbs.' 

Here we have to do witli a national or Slate pro¬ 
phylaxis. A I:‘-onel'. it is line that man can do 
nothing to influence, the sea'•on a) prodi^/osing causes 
of malaria, on the other hand, he can do a great 
deal by altering the predisposing pi i weal conditions 
of a locality. Among these latter conditions it ,iS 
especially necessary to do a,way with, as far as possible, 
stagnant, or nearly stagnant collections of water, and; 
where this cannot be accomplished, to kill the larvae 
by placing paraffin or some substance in the water. 

The first of these tasks is attained by regulating, 
the surface or ground-water. 

Regulation of the surface water. —The 
surface water may be in the form of rivers, lakes, or 
marshes, and these can be regulated by preventing 
inundations, or by drying or putting in .motion 
stagnant or almost, stagnant water. Mosquitoes, 
especially those of the genus -Anopheles, live only in 
still or almost Stillwater; therefore, tvherever surface 
water cannot be dried up, it should at least be putt- 
in motion. Long ago Cato said that, it Was necessary' 
aquam deducere uti Jluat. 

And here a. number of systems enter into the 
field of sanitary engineering, which we shall only 
mention, giving some examples .near at, hand. ’ • 

The regulation of rivers consists in the pre\ enliou 
of inundations, which, in a low-lying malarious region,. 
give rise to the formation of marshes, and con¬ 
sequently to a local predisposing cause of malaria. 
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. We summarise in the following order the 


Vegetation c 
slopes. 
Steps. 
Parapets or 
Repellents. 
Rectificatior 
Settling or ri 


Methods for Preventing Inundations. 


m mountains and their 


traverses, 
us and deviations. 


Reviators and lochs. 
Embankments. 

Works of defence against washing 
away of the bed. 

Systematisation of the mouths, i.e. 

weirs or locks (Zendrini), or 
Rykes in the sea. 


We have already stated that woods on mountains 
and their slopes serve to retain part of the rain¬ 
water, and that, on the other hand, on the disforested 
mountains at every heavy rainfall torrents form on 
the slopes, which readily cause inundations in the 
plains. 

The so-called steps serve to check the velocity 
of the water, and to keep it back when it descends 
along a very steep decline. 

In the bed of the torrent, at more or less regular 
distances, obstructions can also be placed, against 
which the impetus of the water is broken. For tliis 
purpose the so-called traverses have also been much 
used since the last century. They are made of the 
trunks of trees, branches or other impediments, 
which obstruct the current and act in such a manner 
that the water carries with it to the plain a smaller 
amount of earth or sand. Dams and repellents act in 
the same way. 

With the settling basins and the kwh. a pari 
of the water, during floods, is made to run into 
special reservoirs in such a manner that the river 
will not overflow its banks. Among the works <>/ 
defence against washing away <f the bad 1 mention 
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pavinj. ]- ’i »•* 1 r { i‘ii done in 'the Adiue for the greater 

part, ot 3> < ( him ■ . , ■ - ■■ 

As remmls the regulation of the mouths of rivers, 
it is t)w.(‘ss.'irv to mention a bovh all that, according¬ 
ly the In si jilti Aiedical School, to prevent the mixture 
of fred uid v t tv iter at the spot where the water¬ 
courses empty into the sea, Zendrini:, the .able 
Venetian engineer, invented apparatus which are still 



in use and are called Zeudrims equipoise gates or 
locks (figs. 34, BO, 36). 

When the sea is high it pushes both gates 
against, the river, and the lock is closed; behind 
these, the river water collects, as it cannot discharge 
into the sea, until it overcomes the resistance of 
the sea water, when , tlie gates burst open aud¬ 
it, rushes into the sea. And thus from time- to, 
time is repeated the closing and opening of these 
gates. 
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its banks, and thus gave rise to-malaria. To prevent 
this overflow, some little time,since alarm 1 eiuisMiriuni 
was constructed, which, in the pioximal part m Mib- 
terraneaai, and the remainder of its course i.-> above 
the ground. 

A lake may also 1 become completely dried up. as 
has been the case with Lake Fucino. This lake -\\as 
entirely surrounded by mountains, one of which im¬ 
peded what would have been its natural outflow into 
the River Liris. To overcome this a large subter¬ 
ranean emissarium of stone work was constructed. 
through the mountain, which leaves the lake at its 
lowest part. And now, and especially during the 
seasons of heavy rain, the water that would tend 
to collect, in the basin is conveyed by means of canals 
to the lowest level of the basin, thence to be 1 dis¬ 
charged into the emissarium. This is the famous 
drainage work completed by Prince Torloiiia, on the 
model of the works carried out by the ancient 
Romans. This work was planned well, but executed 
badly, inasmuch as it is too narrow and not suffi¬ 
ciently resistent, so that it soon became dbstrUcte'd,- 
and matters returned to their former condition. 

The regulation of marshes, both large and small, 
is often a very difficult task.. It can be. carried out 
in several ways. - - 

One of the simplest, when possible, is'that of 
cutting discharging canals, with a sufficient fall. 
This is the dominating principle of all the hydraulic 
reclaiming of the Agro Romano. By the law of the 
Hydraulic Syndicates of the Agro Romano, the latter 
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was divided into basins, and the proprietors of the 
land united together to open canals for the discharge 
of stagnant water. Much has been already done 
in this direction, but much also remains to be done ; 
the maintenance of the canals, which, as is known, 
owing to the rich vegetation of the marsh plants be¬ 
come very easily obstructed, is frequently neglected. 
And, besides, the water sometimes has an insuffi¬ 
cient fall. 

This unfortunately is the great defect of the 
discharging canals of the Pontine Marshes. 

Here the draining off of the water directly to 
the sea is prevented at the coast by a dune, a true 
mountain of sand. In very ancient times the so- 
called Eio Martino (see fig. 25, section of this Eio) was 
excavated through the dune, but on account of the 
steepness of its sides it must have been quickly buried. 

Consequently, very long canals with gradually 
sloping sides have been excavated, which traverse 
the Pontine territory and open into the sea at 
Terracina. In the midst of the ancient marsh (see 
fig. 25) a principal collecting canal called tinea Pia, 
in honour of Pius YI., was cut. Into this open on 
both sides transverse canals a mile apart. And then, 
after collecting the water at the foot of the hills, 
the Eiver Sisto runs towards the sea dyke, as well 
as the*Eiver Ufente and the Eiver Amaseno from 
the Lepini Mountains. However, in consequence 
of a miscalculation it was found necessary to intercept 
the bed of the Eiver Teppia below Sermoneta. And 
in spite of this in some months of the year it again 
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h<fi, in i-h, This, therefore, if- an example of 
reclaiming bv mams of -discharging canals, carried 
<au, ju an rniperlect manner owing to the slight fall 
lor the water. , • • - - 

Intensive works have, been .earned out- (hiring, 
■'ll! a f , 11 " loi th< drainage of other large marshes in 
Jia.lv, such. as those of Ostia and Maecarese. 

For this purpose the so-called hydrovorous 
machines are used. The idea of thi« drainage, -winch 
is also called drainage by exhaustion, is very simple and 
ingenious. It is employed for marsh, s whose hoi tom 
in some parts is below the level ol tin* wa: conse¬ 
quently it is not possible to cut ordinary discharging 
canals, there being absolutely no fall for -the. water. 

For this reason they have established these hydro- 
vorouS machines, which mechanically raise the water 
which is at a low level, and discharge it into, the 
water at, a higher level; both are then conducted 
directly to the sea by means of an ancient emissarium 
which formerly only conveyed the high water-of the 
basin to the sea. The water from the periphery, 
which, in its turn, would go to the bottom of -the 
basin, is kept back and carried away by canals, 
wliich thus separate' the higl^ water from the low. 
both waters reunite at the emissarium, which conveys 
them to the sea. , 

It is a work successful enough from the hydraulic 
standpoint, and which permits of the initial reclaiming 
of the land; but from the hygienic point of view, up 
to the .present it 1ms not been of much advantage. 
All the principal and secondary canals of the basin 
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when it appears on the surface that- the,-larvae .of the- 
malarial mosquitoes prefer to live. .Consequently, 
neglecting to regulate the. level of. this water may 
render other very extensive works of hydraulic sanita¬ 
tion useless. ■■ ■ ' .' 

Everything makes us holies e that the ancients 
attained their great success in die hydraulic system 
of sanitation of this region by regulating the ground- 
water. Cato and Columella have handed down, to us. 
the most precise rules for this purpose. From that 
time we know that one of the most constantly-employed 
and efficient means for this purpose is sewerage or 
drainage , which consists in excavating subterranean 
canals, with permeable walls and spaces full of Air, 
that act as centres of attraction for the ground- 
water which surrounds them. If there be a .suffi¬ 
cient number of these drains that run in an inter¬ 
communicating network through a damp plain in all 
directions, and if each lias a sufficient fall towards a- 
trench or a watercourse, they will drain the land suffi¬ 
ciently well. 

These drains are constructed in. various ways. 
The most primitive and imperfect system consists in 
cutting trenches with sufficient fall a,t a cerrain 
depth, filling the bottom with branches, pieces of 
wood, maize stalks, bundles of reeds. &c., or with 
substances which learn spaces to facilitate; the 
percolation of the water, This drainage costs little, 
but it is not durable, inasmuch as the above- 
mentioned substances soon begin to decay and are 
destroyed, and the soil fills up the empty spaces. 

When possible, it is better to use materials 
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such as broken stones, pebbles, or true lateritious 
material. In the Eonian Campagna, where tufa is 
easily obtainable, they use large blocks of this 
stone, and place one along each side and another 



on top so as to enclose a triangular space in 
the trench which acts as a drain. Large pebbles 
thrown into the bottom of the channel are also used 
(fig. 37). 

When using pebbles and lateritious material, large 
socles are placed in the bottom in such a 
manner as to form a drain with a triangular 
section, into which the water percolates 
through the fissures between one brick and 
another, and above these pebbles are thrown 
(fig. 3S). Fissured or perforated drain-pipes 
are also used (figs. 39, 40). 

It is understood that the drainage quickly 
and thoroughly removes surface-water, and 
eventually rain-water, even when abund¬ 
ant; that is, it prevents or diminishes the formation 
of pools or marshes by rain-water. 

By this system of drainage the best '-anitation 
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of extensive areas - lias been effected; in fact,, one 
can say that enormous territories of land in France. 
Germany, and England, have been reclaimed by this 
means. 

There is.also another way for lowering the level 
of the gmund-water. In 1 he h’ojgau Campari, for 
instance, this water is rery frequently foviWt ap¬ 
pearing at the surface, especially at the foot of the 
hills, forming there local springs. So also the rain¬ 
water collecting between the =oil and the underlying 
tufa descends towards the bottom of the hills, and in¬ 
creases the size of these springs, which, collecting 
in the hollows, form marghes. To dry these 1 a 
circular trench is made round the base of the lulls, 
which intercepts the water. Other trenches then 
convey the water into larger ones, until they, finally 
discharge into a torrent or a river. 

But it is also necessary to unite the. various springs 
which, if left to themselves, readily form small pools 
of clear water where the larva’ of Anopheles live. 

Cannot more be done to lessen and 'regulate here 
in the Agro Ttomano the enormous .subterranean 
river which is the principal cause of its malaria ? 

Di Tucci has proposed the lowering of the lake* 
(Sabbatinn and Laziali), which he erroneomh be¬ 
lieved were the collecting basins of the ground 
water. Yescovali conceived the idea of arresting it 
and conveying it. in a large canal excavated abo\e 
the plateau of the Campagna. In (he present *tate 
of the science it is difficult to pronounce an opinion 
as to the possibility of this daring proposal. 
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It appears, on the other hand, more reasonable 
and frequently more feasible to regulate all the so- 
called marrane (ditches), embanking and deepening 
them, or, better, conveying away their perennial 
ground-water in drains, and adapting the ditches for 
the reception of the storm-waters. If these ditches 
were paved, at least in some parts, the work would 
be more lasting, and certainly hygienically much 
more useful, than what has been- done up to now 
to remove this principal cause- of malaria in the 
Roman Campagna. 

In some regions of Italy the system of absorbing 
wells has been adopted^or the draining away of the 
subterranean waters. These are made in districts 
where under the impermeable stratum there is one of 
pebbles, gravel, &c., which readily lets the water 
pass through. When therefore they bore through the 
impermeable stratum, in many parts the level of 
the ground-water is enormously lowered, because 
a great part of it disappears in the underlying earth. 

We have thus mentioned the principal methods 
for the regulation of water in malarious places. 

But after water, air is, as we have said, another 
local condition predisposing to malaria. To destroy 
the larva; and nymphae of mosquitoes it is sufficient, 
as we Aave also said, to limit the free access of 
atmospheric air to the surface of the water in which 
these insects live. It is not necessary, therefore, to 
withdraw all this air. The so-called atmospheric 
sanitation or covering is sufficient for this object. 
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Covering.-- -Thi- n.-mbt' fundamentally in 
coverin'. 1 |o\v fund with mould. 

< trith wHh am jnrule cither with -earth 

wlm-h !'■ brought i hither by band. or the -floods of 
rivets ;irf : utilised. which. as is known. carry- with 
them .'i more or loss large. quantiiv of mould. v That, 
is to rav. 1110re are nrtUU-.iol awl natural .methods of 
coverin'*-. .ft. is readily understood that only the 
natural eoveriims can have extensive application, 
rind ii iio^ boon adopted principally by Italian engi¬ 
neers, ami first by Fossombroni, in Tuscany, for re-, 
claiming malarious territories. 

A neighbouring river i^flood is allowed -to flow 
over the malarious land, and there deposits a more 
or less considerable amount of mud. And thus, by 
utilising the periods of flood, a territory is gradually 
covered with a stratum of rich, mould which has, been 
washed down from the mountains. 

This is the ingenious plan lor reel aiming’ Val 
di Ohiana, hdiieh was proposed by Fossombvoni,. 
and carried out by Manetli and other able Tuscan 
engineers. It lias been for the most part successful. 
In tire same way are being reclaimed the marshes 
of Grosseto by the floods of the Biver Oiiibrone, 
those of Piombiuo by the Biver Cornia, those' of 
Orbetello by the Bivers Albegna and Osa. . The 
process of covering marsh-land in the province of 
Bologna has been going oli-'in this way for along time 
on the so-called cusmi of Tdice and Qftaderna. In the 
province c>i' liavenna similar improvements are being 
made by utilising tlu- floods of the Biver Lamone. . 
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Thus all the lower basin of the River Volturno has 
been reclaimed by means of the floods of this river 
and of th^Savone. 

This system of natural covering therefore has 
been extensively employed. It takes a long time, 
sometimes even centuries, but it leads to positive 
results. It does so, not because it covers the 
malarious soil with healthy mould, as was said when 
it was believed that the malarial germ existed directly 
in the soil, but because in time it increases the dis¬ 
tance between the level of the ground-water and the 
surface of the soil, cutting off or limiting the free 
afflux of the air. Hen^ the necessity for levelling 
the surface of the soil, regulating the surface 
water, and covering the ground-water. While this 
natural covering process is going on, the injurious 
effects it produces have been and are complained 
of. 

Artificial covering is, on the other hand, only ap¬ 
plicable for small marshes ; for example, it might be 
used in many places for rendering healthy the 
pits from which soil has been obtained for making 
the embankments of railways. 

Covering can, so to speak, also be made with 
water. If a stratum of water be made to cover 
a malarious site, so long as the water remains at a 
constant 1 level there will be brought about a relative 
improvement. 

The campagna of Mantua affords us an interesting 
example of this. Near that city the Mincio spreads 
out into three lakes (the upper, middle, and lower), 
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after which it narrow,s into a river bed again. and 
discharges itself into the Vo near Goveruolo. As 
the level of the water in ' these lakes wo* not con¬ 
stant, inasmuch as it rose during the time .of floods- • 
and fell in the dry season, in tin: hot months the 
districts became malarious and the disease extended 
to the city of Mantua. Then in the time of the 
Austrian rule, before 1848, the construction of a 
movable dam at the spot where the Mincio opens, 
into the Po, which would' regulate the water inf 
such a way that the waters of the lake would re¬ 
main at a constant level, was suggested. • '• tana 
suggestion was carried and the health of 

Mantua in respect to malaria was improved. But 
when, in 1848-4.9, the Austrians, for purposes of 
defence, removed this movable dam , the fevers re¬ 
appeared in Mantua,, and they ceased again wdien, 
after the annexation of the Venetian provinces to 
the kingdom of Italy, through the insistence of the 
inhabitants this dam was replaced, without which 
a vast zone of land around these lakes would have 
remained marshy. 

We have a similar example in the famous Laeus 
Avernus near Naples. 

This lake was certainly pestilential in ancient 1 
times, hence its name; and even in more recent 
times, in consequence of the variations in the water 
level, malaria existed in the surrounding districts'. 
Then it was proposed to render it healthy, and a 
stone embankment was built, round the lake, and 
an emissarium established for the purpose of keeping 
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the water at a constant level, and by these means the 
surrounding lands were no longer inundated. 

This submersion in certain cases is only relatively 
beneficial, and its real value will have to be tested 
’in the light of the new theory regarding the origin 
and propagation of malaria by means of mosquitoes. 

Thus perhaps will be explained what seems to 
be a paradox, namely, that the suppression of an 
epidemic of aquatic origin is brought about by the 
presence of water! 

Certainly the natural covering, utilising the in¬ 
undations of rivers, is a true method of sanitation, 
because in this case the covering material is earth, and 
in the place of a marshy soil a dry, and therefore 
perfectly healthy, soil is gradually being formed. 

If the basin to be filled up is large, and the river 
is only slightly muddy, this improvement takes place 
very slowly, but its effect is certain and definite. 
Thus, for instance, the sanitation of Yal di Chiana 
has now for many years been partly finished, and its 
good effect is stable and lasting. 

When dealing with the sanitation of the marshes 
of Ostia and Maccarese this project of covering has 
also to be discussed. There the conditions are very 
favourable, inasmuch as these marshes are situated 
on either side of a large and particularly muddy 
river, Aamely, the Tiber, which, even when it is 
not in flood, carries with it a large quantity of fine 
sand, and when in flood its waters are extremely 
muddy. 

Unfortunately this system has not been adopted, 
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because it requires a long time; it lias been cal¬ 
culated tli at it would require >tlii]ty year* j and a.-', 
even after 1870, the prejudice that the malaria of 
Borne, depended on these littoral mm die* still existed, 
it was said that the new capital of Baly could not 
certainly remain malarious for thim years, and the 
more rapid method with hydrovorous machines was 
adopted. But. unfortunately tills method lias not 
been successful, and that, prejudice has already cost 
many millions of francs and also, many lives. 

In any given case the decision as regards the 
method of hydraulic sanitation to be adopted must 
be guided by the new epidemiplogical facts, .concern-,' 
ing malaria. ' • 

The essential requirement for all systems, of 
hydraulic sanitation is that they do not leave a. 
way lor the larva' and nymph re of the malarial,mos¬ 
quitoes to live in the water. 

Covering with mould fulfils rhis requirement, 
when it raises and levels the marshy soil, and thus' 
removes the water and the free access of the air. 
More directly, drainage, by removing, the water, and 
allowing the direct access of the air, is excellent for 
preventing the development of the larvre. 

And, in fact , both are equally efficient, methods 
of hydraulic sanitation against malaria. 

All the other systems with open disclfarging 
canals are good, or the reverse, according as the 
velocity of the water permits, or does not permit 
the eggs and larvre to remain and develop hr it: 
hence the variable results that are obtained, namely, 
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Of all the cultures, therefore, (lie best is what 
is called intensive culture; which is also one of the 
most remunerative when it can he adopted. Toni- 
‘masi-Orudeli has observed that in many malarious 
localities intensive cultivation has sometimes attenu¬ 
ated, sometimes suspended, and sometimes perhaps 
even suppressed, the production of malaria. ■ 

In malarious sites dry culture,-, are advisable; 
vice versa artificial meadow-lands are not, advisable, 
or at least they should be managed by certain rules 
according to which' the- water in the channels should 
not be allowed to become stagnant, but, oh t||| con¬ 
trary, should be made to run in such a manner as to 
prevent the growth of the palustral vegetation and to 
sweep away the eggs and larvae which may eventually 
be contained in it. For this purpose the constant 
supervision of the channels would be necessary. 

Bice-fields in malarious places should be absolutely 
condemned, until a cheap larvieidal substance is found 
winch is not injurious to the plants, as, perhaps, 
according to our experiments, are the best of: the 
above-mentioned larvieidal dyes (p, 197). 

Is it advisable to plant trees, and in general is it 
advisable to maintain or plant woods, in malarious . 
sites ? ■ 

That the planting of woods is not a protection 
against malaria has been demonstrated By (be 
example already recorded of the Tre Fontane, where 
in spite of the eucalyptus wood, winch lias grown 
vigorously, this disease still remains. 

Imagine then what must, happen in those woods 
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alpng the littoral, inhabited by myriads of mos¬ 
quitoes and by all kinds of insects, with numerous 
marshes even in the height of summer! Here dis¬ 
foresting would be a real hygienic improvement, in- 
-'asmuch as the land could be levelled and drained, 
and thus placed under cultivation. 

In fact, there are localities round Eome where 
malaria used to be rife (Conca, Campomorto, for 
example), which to-day are more healthy, because 
the trees have been cut down to a great extent and 
the ground cultivated. The same has happened, as 
we h^e seen, at Cisterna. 

Now a few words on urban sanitation 
against malaria. 

There are towns immune or practically immune 
from malaria, although they are situated in the midst 
of a pestilential region, such as Grosseto, and more 
especially Eome. 

Here in Eome the first great sanitary improve¬ 
ments were made in the epoch of the kings ; the justly 
famous Cloaca Maxima at first served only to dry the 
two Velabri, like an enormous drain made of colossal 
blocks of tufa, which were not cemented, and between 
which the water percolated. It was only later that 
it was also used as a sewer for part of the city. 

In the same way a similar form of drain was also 
excavated for draining the Caprea marsh; and suc¬ 
cessively all the sewers of ancient Eome were used 
for the same purpose. When these were abandoned 
and buried in the Middle Ages, the ground-water 
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r< appt <u«‘(l uu the .surface, and malaria, with other 
pestilences. prevailed in the deserted city,- -whose.'- 
population was reduced-to a few thousand inhabitants. 
Aftoi the Ikmu-mriee. Sixtus IV., Alexander Vl;, 
bretrorv XIII.. Lrban A LIT., and Paul V.. more for 
the object of drainage than for seweratre; repaired the 
old sewers and made new ones, and these are stilLiu 
use to-day. They are not impermeable sewers, bat act 
like sieves in which the water of the fountains rims, 
and into which the subsoil-water percolates in such 
quantities Tin* >1 e sewerage which Is passed -into 
them iu recent tints is hardly noticeable. 

Hence all tl e sewerage of Home, ancient and 
modern, in tin t tilers oi the city, forms an immense 
work of imb tube sanitation. Its sanitary. ■ effects 
were immediate and lasting. Home since then has 
been one of the healthiest of the Large cities. . ■■ ■ 

In our time also we have experienced the- bene¬ 
ficial effects of a sewerage system which was made 
for the purpose of draining away the -ground-water. 
Tims the reopening of the < 'lux,-a Maxima has ren¬ 
dered the Forum Iiotiumvm healthy ; the construction 
of a new- sewer under the < Wssw/u; h.n rendered 
this amphitheatre healthy, and the sewer of the 
Via del Babbubio has freed the houses situated 
under the Pineio from the fevers. 

If to this be added the paving and the extension 
of the streets, we can understand how one can 
have, by the withdrawal of atmospheric air and the 
rapid cun. vino a wav of the rain-water, a \ery 
healthy city surrounded-by a pestilential district, in- 
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asinuch as the mosquitoes cannot fly, as we have said, 
to great distances, and the suburban houses, and per¬ 
haps also the walls of the city, are to a certain extent 
a protection from the insects of the surrounding 
"Campagna. Finally, a town can also be healthy in 
an intensely malarious territory if it be built in an 
elevated position, particularly when the site rises 
perpendicularly from the underlying Campagna. 
With this hygienic aim, which to-day can be per¬ 
fectly explained by the habits of the mosquitoes, the 
villages and small towns of the Roman province 
since .the Middle Ages have been built, as we have 
said, upon elevated sites, all, or almost all, of which 
are precipitous. 

We shall now say a few words about the sanita¬ 
tion of the malarial industries (fish-ponds, 
peat bogs, salines, railways). We have mentioned 
that the railways have helped to maintain and 
create local conditions favourable to the development 
of malaria, both by the excavation of pits (cave di 
prestito, p. 147) into which the subsoil-waters drain 
and form marshes, and also by the embankments or 
terraces which intercept the watercourses which tend 
to discharge themselves into the valleys. Frequently 
these railways have been constructed without any 
regard to hygienic principles, and without even 
thinking how to avoid aggravating the state of things 
in reference to malaria which exists in a great part 
of the Italian territory. 

Therefore the first laws of sanitation in Italy 
should be directed to the sanitation of the railways, 
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where, at little cost—filling. up many of the 
pits, for example—a large number of poor people 
would be protected from malaria. And as to the 
railways to be constructed in .the future, the law 
should make a decree that no malarious foci be 
formed or increased by their construction, even' 
where malaria no longer exists or is not intense.. . 

The sanitation of fish-ponds will become possible 
when a culicide which is not poisonous to fisli can 
be used with little expense. 

The sanitation of peat bogs can be brought about 
by means of pumping machines that exhaust or put 
in motion the waters which have no natural outlet. 

As to the sanitation of the salines it is not 
necessary here to repeat what we have already said 
at pages 79 and 145. 

We have thus seen how the physical or local 
predisposing- causes of malaria can and should be 
combated. 

We shall next see what can and ought to be done 

(3) Against the Social Peemsposing Causes. . 

I shall briefly mention the social reforms or 
laws which are most indispensable, for correcting the 
terrible epidemic predispositions to this scourge. . 
We begin with alimentation. 

The Romans in their most flourishing- fepoch 
established with much equity and wisdom the treat¬ 
ment of the slaves who worked .in the Campagna, 
As Mommsen says: ‘The slaves, and even- the 
Attendants, received from their master at stated times, 
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and in pre-established amount, as much as they 
required for food, clothing, and hose, with the 
obligation of maintenance. To each of them was 
given a certain quantity of wheat, which he had to 
'grind himself, besides salt and condiments, or olives 
and salt fish, wine and oil. The quantity of the food 
supplied depended upon the nature of the work, in 
consequence of which the intendant, who worked 
less, received a smaller ration than the slave.’ 

Therefore, the great principle that the alimenta¬ 
tion should be proportionate to the amount of work 
was even then recognised ! 

Nowadays, on the contrary, no prophylactic 
measures are instituted from this point of view. 
With difficulty, and solely for the application of the 
law of the agrarian sanitation of the ten-kilometre 
zone round the city, a regulation of rural police and 
hygiene was issued on August 26,1885, in which some 
of the articles refer to alimentation. One of them, 
Article 41, is very just, which prescribes that ‘ the food 
exposed for sale or given by the proprietors or tenants 
of the farms to the workmen, if unwholesome, shall be 
immediately seized and destroyed, if it cannot be, 
at the request and care of the proprietor, innocu¬ 
ously utilised for other use than human consumption, 
with the directions and guarantees which in indi¬ 
vidual’ cases shall be deemed necessary by the 
authorities.’ 

Then come Articles 4-5, dealing with luxuries 
with regard to meat, which is only known among 
the workers of the Agro Koniano as that obtained 
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from dead animals. Tlmy prohibit trichinosed meat, 
as if trichina existed among us; and other meats are 
also prohibited, for instance abbacc/d (very young 
land)) and lamb not fully developed, -whose -flesh - is- 
too fresh ! Would that the peasants could eat..these* 
kinds of meat! • 

We now come to clothing. . . 

As Mommsen has slated, in the Roman C'am- 
pagua from ancient, times the people have clothed 
themselves with wool.' even in the summer. .This 
kind of clothing was provided for the ■ slaves, and 
Columella justly insisted that it should be given to. 
them in a good condition. 

But to-day, to. provide sufficient, food and clothing 
for the peasants working in malarious places, a law 
is necessary which would fix, above all, the minimum 
wage to be paid to them. At any rate co-operative. 
supply associations, or similar institutions, .should 
insist that the greatest possible proportion of the 
daily wage be expended for food aud clothing." 

The ancients also recognised the importance of 
proper housing as.a. prophylactic measure. It is, 
certain that among the means adopted by them for. 
combating malaria, great- consideration was given To ,» 
the construction of country houses. Two students of 
antiquity, Augusto Castellani and Iffido Toeeo. have 
studied the question of the housing of the liorhans in ■ 
the Agro. We know how the Roman houses were 
constructed, splendid typical examples of which we 
see at Pompeii. ' The house was a kind of sanctu¬ 
ary, surrounded by a. 'wall, without or with few. 
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windows communicating externally ; the doors of the 
separate rooms opened into one or two courtyards, 
which were freely open above. 

In the same way, in the houses of the Campagna 
the enclosing wall was high, and in the centre was a 
large courtyard into which opened the doors and 
windows of the house, while communication with 
the outside was effected by means of one large 
entrance door; the house was ventilated only from 
the courtyard. This, perhaps, does not represent 
an ideal form of ventilation, but it would con¬ 
stitute even to-day a good system as regards 
a prophylactic measure against malaria, because 
mosquitoes cannot rise easily much above the ground, 
and consequently they would have greater difficulty 
still in invading the rooms of a house constructed 
in the mode just described. 

After the Benaissance, when the agricultural 
revival took place, of which we have spoken, large 
villas, with annexed buildings, were constructed from 
1600 to 1700, which to-day are often used for the 
most humble purposes, and which are frequently 
squalid and almost in ruins. There were 64 disused 
houses in the Campagna in 1871, and 231 in 1881. 
There has therefore been in our time a falling off in 
the numbers of habitable dwellings. 

When a new house is built, or an old one restored, 
it is done as if it were situated in a A ery healthy 
locality, whereas habitations in malarious places 
should be built with special precautions, hirst of all, 
they should be erected on the highest silt* possible. 
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at id consist of at least two floors, the ground floor 
being used for storing agricultural implements, &c., 
and, if necessary, tor stalls; the kitchen and bed¬ 
rooms should l)e on the; second floor, where the insects 
are less liable to gain access, y 

Tin re are already many e'camples of this type 
of house, for instance along the limne- Montero- 
tondo railway, besides ihe two floors, those houses 
in which seveial families live lun e an outside stair¬ 
case, which leads to a laiidins 1 that rims along the 
whole length of the second story, on to which the 
doors of the .separate apartments open. It would 
lie even better if the doors of the rooms opened 
into a hall and not directly on to the landing.- 

The window's should be placed as high as possible, 
and should not lie very large ; they should, however, 
be always protected with a • close wire netting. The 
netting should also be -placed in the doorways, or 
hi least, when Shis is not poss’bk, on the inner stair¬ 
case, in order 10 isolate the bedrooms more effectually. 

In 1875 Dr. Balestra proposed that some cheap 
and healthy wooden houses of various sizes should be 
constructed in localities .much infected by malaria, 
which could be taken to pieces and easily, trans¬ 
ported to any place desired. He-suggested that the 
windows should be permanently closed, and ventila¬ 
tors arranged in such a way that they allowed 
only pure- air to pass, through them, that is, air- 
which has been filtered, and consequently is free from 
miasmata or, as we know now. from mosquitoes. By 
substituting for the closed windows.a wire network. 
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and by similarly protecting the door in such a way as 
to prevent the insects from entering, these wooden 
houses would be very suitable for protecting the 
peasants from the fevers in places where there are 
at present no houses, or where they are scarce or 
are unsuitable for this purpose. 

Finally it is advisable not to have trees around 
houses in malarious places. During the day they har¬ 
bour mosquitoes, which in the evening get in through 
the windows, especially when the rooms are lighted. 

It is desirable that our architects should study 
this question, and design houses suitable for malarious 
places, guided by the new theories and by the old tradi¬ 
tional experience of our peasantry regarding malaria. 

The regulations for the public health of the Agro 
Bomano lay down that, above all, every farm 
must have sufficient habitations for the people who 
work there. This law should absolutely prohibit 
what occurs at harvest time, when, owing to the 
large numbers employed, a great part of them have 
to sleep in grottoes or in the open air. The regula¬ 
tions speak of ‘ habitations constructed on elevated 
sites on dry ground,’ and this is right; but then 
follows a strange prescription : ‘ in a place protected 
from the injurious influence of unhealthy winds,’ as 
if a house built on a high place would not be beaten 
by all the winds, and as if some winds were still 
considered unhealthy in the sense Lancisi believed 
they were. 

‘When the soil is humid,’ says the same law, 
‘works for the discharge and drainage ol l he waters 




There are then some trend Vitkin-,: ‘Tin' bou-e 
must be protected from damp,, provided with potable 
water ; the rooms must not- be less than 3 metres 
high, and each person must be allowed a space of at 
least 15 c.m.; ’ all excellent things, hut. they.have-. 
one fundamental defect—they are not enforced. - 
The hygienic regulations of the Municipality■ of 
Rome also contain articles relative to country houses. : 
sufficiently -good, and very comprehensive; for ex-' 
ample, it is laid down that the dwellings, commencing 
with the ground floor, must, be raised as high as possi¬ 
ble ; and when the.ground floors are used- as habita¬ 
tions, they must be raised at least 2 metres above the. 
ground. Beyond these, one may say that there are up 
other special regulations relating to this question, ‘ 
We next come to the legislation relating to 
work in malarious places. 

If Ave recall for a moment'what we have said- on 
the agricultural works here in the .Campagna, and ou 
the unprotected state of the poor peasant, loft to the 
mercy of him who most, profits by them, one readily .• 
understands the urgent necessity of a. law which 
would regulate this work, so laborious, difficult, and 
dangerous. The first step' should be that of abolishing 
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the impoverishment of the workers by the so-called 
caporali. But unfortunately no one thinks about it! 

We have only a law on the cultivation of rice. 
This law dates from June 12, 1866 ; the first and 
fundamental article says : ‘ The cultivation of rice is 
permitted at the distances from the blocks of houses 
and under the conditions prescribed in the interest of 
N public health by special regulations that, after con¬ 
sultation with the communal and sanitary authorities 
of the province, are determined by the provincial coun¬ 
cils and approved by the King, after consulting the 
Superior Council of Health and the Council of State.’ 

It is, therefore, in the power of the provinces to 
control the cultivation of rice by means of local 
regulations. Now, in these regulations we find 
articles which vary very much according to the 
humour of the provinces, especially as regards the 
minimum distances from the rice-fields within which 
houses are permitted to be inhabited. We have seen 
(page 82), from the studies of Professor Riva and of 
Dr. Ambrosi on the zone of influence of the rice- 
fields, that this sometimes may be as much as 3, 4, 
and occasionally 5 kilometres. Now the local regu¬ 
lations of the province of Cremona, which, perhaps, 
are the best of the kind, establish a minimum 
distance that varies according to the number of the 
inhabitahts of the individual blocks of houses. These 
distances are given in the following table :— 

Tahle xxiii 

Number of in-* Above 10,000 to 3,000 to 300 to, 30 to ! 

habitants > 10,000 3,001 301 I 31 ' 1 1 * 
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While for 10,000 persons and more the houses 
musfc.be at: least 3 kilometres distant from the rice- 
fields. those for 30 persons need be only 200 metres. 
As a mie, this curious distinction is nude in all these 
local regulations, as if the life of' persons. h|,s it 
different value according to whether they live in a 
large or small comuvumty. These regulations, instead, 
ought to have established, that even a single isolated 
house, and in general a single habitation,'must be 
outside the zone of injurious influence of the rice- 
fields, that is at least 2 to 3 kilometres distaut- from 
them. The Internal Sanitary Lavr of the Two Sicilies 
of .1820 very wisely ordered that ‘the cultivation of 
rice shall not be permitted at a distance less than 
two miles both from the communes and the public 
roads.’ ' , 

In the regulations for the cultivation of rice the 
hours of work are also fixed ; and, for the most part, 
the axiom of not commencing work before sunrise, 
and of leaving off an hour before sunset, is respected. 

It being, however, such laborious work, a greater 
limitation of tlie hours of labour is necessary; and it 
is especially desirable that the labourers should leave 
off work earlier, inasmuch as the mosquitoes begin to 
bite some hours before sunset. In- this respect' the 
labourers on the Pontine Marshes, who leave off work 
a-s early as possible, and return to their lulls in the 
evening before sunset, are better treated. 

There is also in the regulations of the province 
of Cremona an article relative to habitations, 
which establishes, that they must be provided. 
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with potable water, that the rooms must be dry 
and well ventilated, with sashes and glass in the 
windows. These are good regulations, especially 
that of the glass (network would be better) in the 
widows, as a prophylaxis against malaria. 

in general, however, it may be said that our 
legislation on the cultivation of rice is defective 
both in the fundamental law and in its practical 
application. It does not take into consideration the 
geographical division of malaria into zones of severe 
malaria and zones of mild malaria. If the cultivation 
of rice can be with due limitations and precautions 
tolerated in the zones of mild malaria, it should 
be absolutely forbidden in the provinces of Italy situ¬ 
ated below the isotherm + 15°, where severe malaria 
prevails. 

And even in the localities of mild malaria the 
cultivation of rice should be permitted only where 
there are marshes in low-lying lands which cannot 
possibly be drained, and where no other kind of cul¬ 
tivation is possible. Thus its cultivation would be 
limited, and it would be all the better for public 
health, because we remember that in many instances 
malaria has disappeared where the cultivation of rice 
has been given up. 

To* regulate the maceration of textile plants we 
have, in the sanitary law of 18SS, an article (article 
37) which decrees that this maceration can only be 
carried on under certain conditions of place, time, 
and distance from inhabited houses; conditions which 
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must be determined in each province by the local 
public health regulations or bv special regulations. 

In a supplementary article uy ih<> general sanitary 
law. published in 1890, it was decreed that those 
communes in which the maceration oJ‘ rice teas canned' 
on were obliged to prepare within a year these special 
regulations or to add the relative chapters on the 
maceration of textile plants to the local public .health 
regulations, indicating in which places, at what 
distances, and with what precautions tliis industry 
must be practised. The same article says that the 
communes must take specially into consideration the 
banks, the exchange of water, and a convenient, 
outlet for the used water; and that they must: 
impose a minimum distance of 200 .metres between 
the place of maceration and the houses. If the 
communes declined to comply with these regulations, 
the prefect would intervene, on the advice of the 
provincial Council of Health. 

The local regulations of the commune of Borne, in 
agreement with what has been established in the 
general Sran.it ary law, decree that, ‘the maceration 
of textile plants is permitted only in the open. 
Campagua, at the distance at. least of 200 metres', 
from the houses, canals, wells, or other reservoirs of 
potable water, when it is carried on hi running 
water, and is not that which feeds the aforesaid fcarlals. 
wells, or reservoirs. The maceration must take J 
place exclusively in suitable .tanks with .impermeable 
bottom and sides, according to the project appioved 
by the mayor.’ But if this maceration be a cause of 
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malaria (which certainly has not been demonstrated) 
the 200 metres are not sufficient to protect the 
houses, nor is slowly running or stagnant water 
sufficient. 

But, besides this, cultivation of hemp and flax 
does not exist in the Roman Campagna. 

We shall conclude with a few words on the laws 
on agrarian improvements, and on the so-called in¬ 
ternal colonisation. 

Of these improvements several have been made 
according to the various laws that have been 
approved from 1882 onwards. In Venice, for 
instance, the land has been successfully reclaimed on 
a large scale ; in the rest of Italy there is a great deal 
to be done, inasmuch as there still is, as we have 
already said, an enormous number of marshy hectares 
to be drained. Unfortunately some reclaimed lands, 
like those at Ostia and Maccarese, are anything but 
hygienically successful, and unfortunately also the 
last law will fail if the modern researches are not 
taken into consideration. 

For the execution of these works, some conditions 
relative to the health of the workers have been included 
in the law of September 7, 1887. Article 92 says 
that ‘ in approving the project the rules necessary : as 
to the ‘seasons during which the works have to be 
stopped; the hours of the day during which the 
workmen must abstain from work; the habitations 
that must be built to house the workers, shall be 
established.’ 





260 


'PROPHYLAXIS 


Article 93 says that ‘regulations of the same 
kind can at any time be sanctioned with prefectual 
decree in respect to the maintenance of the reclaim- - 
ing works/ " . 1 

But, besides (Hie regulations for the. seasons,^he' 
hours of work, and the habitations, it.is also necessaiy 
that other regulations—for the selection of the indi¬ 
vidual workers, for example—should be established. 
These workers should'be selected from the families 
most resistent to malaria, and a doctor should 
exclude (especially by the examination of the 
blood) those who have even the least, trace, of 
malarial infection, inasmuch as with their recurrent ■ 
attacks they are dangerous to. those with whom they 
live. Regulations should also be made with reference 
to the sheds for working in. The shed, the centre of 
activity, should be situated on an elevated and’, 
healthy site, or at least on a site properly drained, 
so as to eliminate the surrounding stagnant or almost . 
stagnant waters as much as possible. A minimum 
wage should also be established, and should be con¬ 
verted into food and clothing without the interven¬ 
tion of middlemen. 

The cases of fever, also, should be included with, 
the cases of accident through work; and the-patients 
should be treated, and even takeu to sanatoria, or to 
healthy places, until complete convalescence is esta¬ 
blished, at the employers’ expense. This would also 
prove a useful general prophylactic measure. 

In. all ages (see pages 1-12) attempts have been 
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made to colonise malarious places, but these attempts 
have frequently failed. 

Experience has proved, over and over again, that 
the error lay in sending to places of very severe 
’malaria agriculturists accustomed to live in healthy 
regions. We have already spoken of the annihilation 
of the Venetian colony introduced into the Pontine 
Marshes. A similar disaster has happened recently to 
families of agriculturists from the Marche brought 
here to live in very unhealthy places along the 
littoral. 

Man cannot combat against this terrible enemy 
malaria, if, first of all, the land has not been thoroughly 
drained and kept in this condition. When this lias 
been done, then the colonisation which leads to the 
agrarian improvement can be attempted. 

This reclaiming of the land has been tried in 
various places by prison labour. For example, a 
colony of this kind was employed at.Oastiadas, in 
Sardinia, and the results have been feirly good. 
Another was tried near Rome, at the Tre Fontane, 
but it had to be removed because all fell ill with 
malaria. And yet, without doubt, prisoners are 
working under better conditions as regards clothing, 
food, housing, and hours of labour, than the peasants 
of the Agro Romano. 

With all the more reason, therefore, attempts at 
colonisation with people from healthy places, made 
without any criterion but that of profit, should lie 
prohibited bylaw, because a colony of men trans¬ 
ported from a healthy region to a very pestilential 
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one absolutely cannot stand it. Some economists 
maintain that malaria does not in llie burnt prevent 
the intensive cultivation oi'land, and < onscqnently 
its colonisation. But history .teacher m that if 
man has frequently sacrificed hniwdf for the n 
domption. of unhealthy places, it is nevertheless 
very true what Varro says, that uiihoaltln lands 
can only be cultivated at the risk of the life 
of the worker and the substance of tile, owner, 
Before the cause and tlie prophylaxis ol bovine 
malaria was discovered, the industry, of dairy farming, 
has been here many times attempted, bur always in, 
vain. The same can be said, of the many fruitless 
attempts at colonisation. And until we shall be able 
to discover a complete prophylaxis for man as we 
have done for milch cows, it will be necessary .not 1 
to accept those ideas so readily spread abroad on the 
so-called internal colonisation, because a malarious 
district cannot be easily, or quickly rendered 
healthy. And yet there are people who loudly de- 
claim against the enormous extent of land un¬ 
cultivated ; but in reality in Italy, with our in-, 
dustrions and hard-working peasants, the only 
zones left uncultivated are those where no person- 
can live. 

Certainly the State ought to promote more than 
it does works of hydraulic sanitation. Wlien it 
has done this, then colonisation carl be attempted, 
proceeding step by step from reclaimed land to land 
still unhealthy. And this is actually being done in 
the Agro Romano, inasmuch as from Rome and from 
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the Castelli Romani and from Yelletri the zones of culti¬ 
vated land are being extended towards the Campagna. 
And it is to be hoped that within no distant time 
these zones reclaimed by human industry will reach 
at least that high and marvellous part of the Agro 
Romano which joins the capital with the splendid 
Castelli Romani. 

The colonisation ought to be extended also on 
the hills situated above the valley of the Tiber, 
especially on the right side, and houses should be 
built on these hills, even in the valley itself; in like 
manner the inhabited centres or country villages that 
have always existed, since the olden times and the 
Middle Ages, on the highest and healthiest parts of 
the Campagna, should be enlarged. 

To do this, however, it will be necessary to 
abolish that agrarian feudalism by which the land 
remains in the hands of a few who have not, owing 
to self-interest or to dislike of innovation, any desire 
to change the ancient system of cultivation. Unfor¬ 
tunately such a state of feudalism could not be 
changed here, as it was in northern and central 
Italy at the time of the communes and afterwards 
during the French revolution. The Italian revolution 
has certainly made it worse, secularising the eccle¬ 
siastical properties, and substituting for the religious 
communities capitalists or speculators who acquired 
the lands at a low price and make use of them 
for their own profit. 

Then the law on the agrarian sanitation of the 
Agro Romano has not had the courage to break up 
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the small hut omnipotent band of proprietors, 
privileged more than they deserve, nor to improve the 
agrarian contracts, nor to prevent, the organised 
spoliation of the tillers of the soil. It conse¬ 
quently has been a dead letter and will remain so,, 
as long as private property possesses the right of 
uli et almti, and with impunity remains the greatest 
enemy of public health. 

Therefore it is more than ever urgent that 
hygiene should, dictate to the legislature, and that : 
the latter should put in force an. easy, and ready 
prophylaxis for our poor peasants living in malarious , 
places. Then the problem of the sanitation of 
many fertile lauds will approach solution. ' Tor the 
present at least, the treatment for the disease should 
be immediate and efficacious by means of quinine 
obtained free or at a very low price, which, should 
be fixed by the creation of a State monopoly. - 

Finally, a last word must be said on education 
as a prophylactic measure against malaria. 

It is certain that when the sources of infection 
of this, as of every other avoidable disease, the life- 
history of the infective germs in the environment, the ■ 
vehicles, the mode of penetration, and the various, 
prophylactic means are known, much will have been 
attained. Knowledge and power are necessary for • 
combating epidemic diseases; but the knowing how 
to combat them is a great deal. . And . as the 
individual prophylaxis in malaria is very often 
practicable and efficacious, one understands how the 
spread by means- of education of the most- certain 
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facts of the new epidemiology and prophylaxis, 
the combating of the old prejudices which dominate 
among the toilers of the soil, will he so many pre¬ 
ventive measures against a scourge that in every way 
should be combated for the good of humanity, of 
civilisation, of business, and, in a word, of human 
progress. 
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1836. Angelo Sorgoni. Riflessioni sopra di alcuni principi 

Itabiliti nolle febbri intermittenti e del metodo curativo 
delle medesime. Giornale arcadico. lloma, 1836. 

1836. Cesare Barbieri. Supra ah-line prcranzimii neressaric da 

tenersi da quel lavurulori drib- Marche i quail, pgrlan.s, 
neUcmarcmme losrauc. Pes.iro, 1830. 

1837. C. De Tournon. Etude* jlnlMiuur* *«»• Rome, etc. Paris. 

1831 -37. 
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1837. Lnjoi JIumsa. havlrncc, t c-nnktgt, -Le inter,mMenti, 
Utters to Professor Paolo ilaroni. Roiim. 1837.. ' 

Antonio Com. JMseoreo mUagricnltitra .deU'Agro’ romano. 

Read a± the Wadeuiia tiberim; Roma, 1887.- - • 

Antonio jNjuiiy Annin, rb 11 a carta del dintorni <11 Horn a. 
Koto a, 1887. 

3840. Angulo Galli. Jhtcorto tvtlAgro romano- e tui -wezzi‘per 
migliomrla. Appevdwo ai, cermi econowtco-sletuUov tttllo 
titaio povtificio. Roma. 1840. 

1843. SfioBKUs Haxtakelli. EHologia. dell'intermittcnte. perni- 
doM endcmica, ulle aampagne romane. Giomale .arcadico. 
Roma, 1841. - 

Antonio Com. IHtcorso tulVagrteoUunt. 2“ edizione. 
Eoma, 1S-CL 

1842. Paolo PiuiiETTri .Cenni ml valenamata dt cJUvtna.' Giornale 

arcadico. Roma, 1842. 

1843. Caelo MaggioeanI.. Storia di. febbti pirnicime e crani tulle 

•medetvmc. Giomale arcadico. Roma, 1843. 
Michei^Santaeelli. Appendix to the article: SulVeliologia . 
dell'ivlcrmittenle pcrniciosa endemica alls eampagne 
rot nave. Giomale ai'cadico. Roma, 1843. 

1843. Telemaco Metaxa. Sul prinerpedi morbi die dalle pahtd.i 

dor ha-no all'uomo ed agli avimali. Roma, 1843. 

1844. Giuseppe Mikzi. Sopra la. ge-ncsi delle febbri inter,niticnii: 

special,mente di’ Roma- e della sun provincia autiralc. 
Roma, 1844. , . ■ 

Caelo Maogtop.ani. Sioria di-febbri pcrniciosc ecenni-snUe 
medes-ime (Continuation and end). Giornalo arcadico. 
Roma, 1844. 

Pm Bofonm. L’AgrO romano e la preterite ma-oolUvasione, ’ 
non che proposte per migUorarneVaria ela rendihi, Roma, 

1844. 

1845. Giacomo Folchi. Sulla origi-ne dalle febbri periodiche in 

Roma c sua campagna. Memoria 2", Roma. Contedini, 
1945. ■ , 

1846. Luigi Canina. Storia topografiea di Roma es ua cu mpagna-, 

Roina, 1846. 

Alfkedo Reumont. Della campagna. di Roma. Firenze, 
1846. 

1847. Antonio Coppi. Ditbor&idg-rari aU’Aectidemia i&'rina negU- 

av-n-i 181 , 2 , ft), .1,0. }fl\ eon -idea d-i.termtn modcllo.- Giornalo 
arcadico. Roma, 1847. 

Ci.ejiente Folchi. SuUe operaHoni che n richieggonoperr la 
bonificaziouedelle terra deWAgro romano. Giomale arcadico. 
Rotna, 1847. » 

1847. Clemente Micara. Delle fallacie oppotle in opera dn ristofa~ 
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inento e di coltivazione per Id eampagna di Roma e per le 
terre di provincia. Faenza, 1847. 

1848. Giuseppe Minzi. Studi teorico-pratici sopra la endemia 

palustre. Bologna, 1848. 

Antonio Nibby. Analisi storico-topografico-antiquaria della 
carta dei dintorni di Roma. 2* edizione. Roma, 

1848. 

1849. Pietro Carpi. Sulla virtu febbrifuga. attribuita alia cor - 

teccia di Adansonia digitata. Giornale arcadieo. Roma, 

1849. 

.1853. Agostino Cappello. Istorico-fisico ragionamento sulk ooltnre 
amide e suitepretese bonification i da^farsiper loro mezzo 
delle terre palustri dello Stato pontificio. Romo, 1853. 
1854. Clemente Micara. Della, campa.gna^mnana e del smo risto- 
ramento. 2* edizione. Faenza, 1 tWtr 
1858. Giuseppe Ponzi. Sullo stato fisieo del suole di Roma. 
Giornale arcadieo. 1858. 

1861. Carlo Maqgiorani. Sopra alcune fallacie che circondano la 

diagnosi delle fehbri perniciosc. Giornal^rcadico. 1861. 
Giuseppe Ponzi. Storia naturale del LazioT Giornale arca- 
dico. 1861. 

1862. Antonio Coppi. Discorsi agrari nelVAccademia tiberina 

negli anni 1S50, 5.?, 55, 59, 60, 61, 6.2. Giornale arcadieo. 
Roma, 1862. The author continued them in the years 
1863, 67, and 68. 

1863. M. F. Balley. Endemo-ipidemie, et meUorologie de Rome. 

Paris, 1863. 

1865. Angelo Secchi. Sidle condizioni igieniche del dim a di Roma. 

Giornale arcadieo.-1864. 

Pietro Balestp.a. Dellainiezione sottocutanea deipreparali 
di chinina nella aura delle febbri intermittenti. Giornale 
medico di Roma, 1865. 

1866. Guido Baccelli. Delle febbri sub-covtivuc. Giornale 

medico di Roma, 1866. 

Angelo Secohi. II clima di Roma. Giornale arcadieo. 
-1866. 

1868. Giovanni Moro. Ostia e le vuovc opeve a! mare per le saline 

e pel bonifioamento. Roma, 1868. 

1869. GuyjO Baccelli. La perniciositd. Lezione clinics. Ti[io- 

grafia romana. 1869. 

Francesco Degli Abbati. Del siw/o fisieo di. Roma c suoi 
1869. 

Pietro Balestra. Riccrchc cd espcnimnfi sullo no I ura <• 
genesi del miasma palustre. Arch, di Med. Cliir. p Igieiu" 
Roma, 1869. 
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1870. I,f:ON Cor.ur. Train dm fiivres . iniennittcnte h. Pang, 
' 1870. , ’ 

Fif.tro BalesTra. La febbreretnitUtiieniiuismaUca studiala 
in Rama. Archiviodi Medicina, Cliirurgiae Igiene. Koma, 
1870. ' ' ■ ■ ' 

Cx. Taussig. Lo ali»tat rbmwin, etc. Rdma, 1870. • 

Attjxio ZrrocAoirx Oreandini. Roma e I’Ag'ro rotmmo. 
Firenze, 1870. 

Nicoto Roncalli. DelVAgm rommto e mo miglwraniento. 
Bergamo (?), 1870. 


1871. Pietro Zavpasodi. La colonixzattione delVAgro rtmano. 





BIBLIOGRAPHY OF ROMAN MALARIA 263 


1875. Guido Baccelli. La malaria. Roma, 1875. 

Pietro Balestra. L’igiene della campagna e citia di Roma. 
Roma, 1875. 

Matteo Lanzi e Guglielmo Terrigi. II miasma palusire. 
Osservazioni. Roma, 1875. 

Quirico Filopanh. Le bonifiche del Tevere ed Agro romano 
proposte dal generate Garibaldi. Roma, 1875. 

Raffaele Pareto. Saggio di studi meteorologici ml clima di 
Roma, paragonato a quello delle alire citia, riguardo alia 
bontd dell’aria. Aocademia dei Lincei. Roma, 1875. 

1876. Guido Baccelli. La subcontinua tifoide. Roma, 1876. 
Gregorio Fedeli. Sulle proprietd bonificanii e terapeutiche 

deK’Eucalyptus globulus. Forli, 1876. 

Gerbolini e Mazza. Sulla bonifica del delta del Tevere. 
Tortona, 1876. • 

1876. Marco Ceselli. Appunti meteorologici per Vagricoltore 

della campagna romaim. Roma, 1876. 

1877. Matteo Lanzi e Guglielmo Terrigi. La malaria ed il 

clima di Roma. Osservazioni ed esperienze. Roma, 1877. 
Pietro Balestra. Riccrche cd esperimenti s nlla natures e 
genesi del miasma palustre. 2 a - edizione eon aggiunte. 
Roma, 1877. 

Accademia medica di Roma. Discussions sulla malar'. 
Atti. Anno II. 1877. 

Alessandro Piacentini. Osservazioni pratiche sulla cat 
pagna di Roma. - 1877. 

1878. Guido Baccelli. La malaria di Roma. - 1878. 

Felicf.'Giordano. Condizioni topografiche efisiche di Roma 

e campagna romana. Roma, 1878. 

Francesco Scalzi. La meteorologia in rapporto allc febbi 
miasmatiche, ecc., nelVanno 1877. Roma, 187S. 

1878. Spip.ito Aubep.t. II clima di. Roma e le sue iufiucnzc su 
Veconomies della cittd e della campagna. Roma, 1S78. 
Pacifico Di Tucci. DclVantico e prescute steito della can. 
pagna di Roma, in rapporto alia salubritu dcWaria. <; all 
fertilites del suolo. Roma, 1878. 

Senator Salvagnoli Marchetti. Bmtifu-amcnio dell'Agt 
romano. A Bill presented to the Senate on May 1,1S78. 

Id. id. approved and presented to the House oi' Deputie! 

* May 25, 1878. 

Deputy Baccelli. Rclazionc sul 
bonificamento dclVAgrn romano, p 
Deputies, November 26, 1878. 

Luigi Torelli. L’Eucalyptus c I'Agi 
GiosEPrE Tomaskktti. Della aimpa 
evo. Arch, della Soc. rom. di etorin 
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her/:/,- I / rhri-inhrc J/>,n, u. %<>],*, nulla. boruficasurkv deWAgrer 

.1870. (..oiai.M'o I Oi'i.'iAsi-CirtJjKLi. JMdlo thstnhusione dnlle.uetjne 
■in;! sn/OmWo ilvll Aqru romano c de/ht sna 'untuausa iuilla 
ppothi-.imu; tlcHa malaria. Alti flei lanci-i. Itoinn, 1879. • 
Enwix Kaw o (:. ToMMAsi-OunMU. Stuell eulla nuivra 
del la- mnl"nrt. Atti (le; Lincei. Kama. .1870. 

I’liJMJiNirj hii tuez.eoroloqia vn, ra.pporio aHe febhri 

run la nr he, ccc., noil ft min lo. o. Jconw, 3 870 
I ii'.ifio hi nth mill arm -msaiubre dell: Agio romano. 

AnnaJi della bocleta agl-nna di .Bologna. 1870. 

-Pahiiuau-. Pm ho felJjn e tl botiificauiento. de.HAqro 
romano. Lo Spallanzani. Modena. 1870. 

E, / a L A tfi 'j romano. Eeprinied from the periodical 
‘ &3i studi m Italia.* Eoma, 1879. 

Paolo Pisemejii. La bonified delPAqro romano. Osaerva- 
ziom e avvertenze. bologna, 1879. 

An tom<j AI.uilouhi. Commento delta, leqqe. pel btmitica.mtnfo' 
iMl Ar/ro rnnwnn. Iielazione. Boim. 1879. 

1880. Cobbado ToMMAsi-Oinronij. Sulla dntrtbuztone Ml* 'acqu* 
net soliosuolo romano e sulla produsionc natvttUe della 
malaria. Memorm seeondn. Atti dei Lincei. Poma-1880 
Liiii.i &-ala.ssI. hioei cast th tubbre ncorrentu miamimhcm. 

Aec.ademia medica di Eoma. 1880. 

Ottavio Leoxi. Sulla trasmi snbit iza> dell mfcLinne raolirica. 
L'lmpamale. 1880. 

Pietko Palestra. Sml-mfe;none da maltma prndbita dai 
lawn tu eisfemastoiK del ietcre, c provvcdimenh.igictoiH- 
a prevennia. Boma, 1880. 

Gio. Battista IxvBRxm. btalo atliude dell'Aaro romano, e 
sue ctetluabih lmr/horie. Eoma, 18«0. , 

Sweito Aubbbt. Oh rnieressi di Ctmtavecrh itt -nel boni- 
ficamento Jell’Aqro romano. * Gli studi m Italia,-1880 
Ai.EEV.fO GALLlrllJEKTi. Rroqctio di ristmaiheniti. colontizca- 
swne c coUtirti dell'Aqro romano. Eoma. 1880- 
Mabtino Beltbaxi-Scalia. II lavoro dm. condannali. 
h cspen.mevio alle Tre Fontana e la quv.siiono dell’Agro 
romano. Eivista cnrc-crana. Eoma, 1880. 

I». Id. he colome pcmle-nm-ame pel bonvficamento dell’Agro 
romano, Relatione thole disoussiom femiie nel 6ongresso 
d,i Torino e (h Genova.. Eivista carcerana. Eoma, 1880. 
Paolo Prrlieri. hi nuovo sulla bonrfiea. dell Aqro romano. 

GiornaJc della Soe. Ital. d’lgiene. Milano, 1880. 

MlNlSTEEI DEI IiAVOEl JMJBBtlOl E IrELlPAffiRICOMtUKA. Atti - 
della rommiss'ione per lo studio del bomijicalneuto agra/no 
del!'Aqro romano. Eoma, 1880. 
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1881. Cuboni AND Maf.chiafava. Neue Studien iiber die Natur der. 

Malaria. Archiv f. exper. Pharmacologie, 1881. 

Luigi Galassi. Metodo semplice ed efficace per la eura 
delle febbri intermittenti ostinate con i soli prcparati di 
china. Aceademia medica di Roma, 1881. 

Ottavio Leoni. L'infezione da malaria studiata sotto il 
punto di vista dellapatologia delpolmone. Roma, 1881. 
Felice Garelli. La bonificazione dell’Agro romano. Roma. 
1881. 

Angelo Alessandkini. Roma, ed il Lazio dal punto di vista 
agrario ed igienico. Annali di agrieoltura. Roma, 1881. 
Ministeko d’Agricoltura : Direzione della statistica generals. 
Monografia della cittd di Roma e della campagna roman a. 
Roma, 1881. Besides the above-mentioned works of G. 
Baccelli and F. Giordano, separately published in 1878, it 
also contains : Vno sgnardo alia costituzione geologica del 
suolo romano, by Paolo Mantovani, and Note alia carta 
agronomica, by Raffaele Canevari. 

1882. Giuseppe Pinto. Roma, I’Agro romano e i centri abitabili. 

Roma, 1882. 

David Bocci. Le bonifiche idraulica, agronomica ed igienica 
nella provincia di Roma. Roma, 1882. 
Berti-Magliani-Baccaeini. Bonificaanento agrario dell’Agro 
romano. A Bill presented to the House of Deputies, 
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1883. Cbsaev, I)!:sii<Kui. lloihficamcnio agrurio della campagna 

■rotuana. Itorna. a888* ' i l ' ' . ’ 

i''nANf;j;soo X f oua,i-VjTi:i.T,E8«nf. Jtelazume alia G'innta per 
I'-Mtclncxta agrana. Vol. XT. Tmno 1. l.’otna, 1883. 

Luigi Biutci. hid ilclnrioravienlo .del claim del-Lazio e 
(kite bonif/razinm r.he oerorrontt. Roma, 1883. 

Carlo IjAklswi. La- lcgge Bert* per it bomficonunlo del- 
l Agro in mono. La liasspgna Italians. Rorua, 1888. 

Go.’II/,Ir, AUUAltio m Roma. PriizHiue r-J'■ Portamento itahano 
si'/ progtdfo di le.qqr. per la botrifica aqrana dell’Agra 
romano. Roma, 1883. 

Colli’. mo d'jngegkkki aguonomi di Roma u pboyinci.v. 

Petuumc as above, lioma, 1883. 

Lcgge S luyho ISSa, n- V/HU (serie 3“), roncermnte. il bonufiea- 
mento deU'Agro row an o. - ■ 

Leggc 0 lughn Ihfgj. n. 150.1. che-rqiariuee fra h SiaUt e gh 
enh vnlcrcssait la. speed uecessanu alia cseoiteionc tkllc. 
opere relahva oll’Agro romuno. 

Urrieio speciale pel Boxjmcastexto deli/Ageo iiomako. 
Ptano tenuen til masstma, per fullacc-iatuenio ed inen.u/tla- 
mento dr tittle le argue deU'Agro rmnann e per la suu 
tpaHtsttme m Consent idravhei. Roma, 1883. • 
Anonymous. hapnsi-onzut della campagva rvmana. Roma. 
Salvmeci. 1S8S. 

1884. Ettoee Mabcihamva e Angelo Celli. Suite altcraxiom dei- 

globule roust nrtla in femme, do malaria e sndhi gnnesi della 
melanoma. Att.i dei Lineci. Roma, 1884. • .■ 

Cobbabo Tosimasi-Lbttmsu. Lee altera lions Acs globules 
ron.qcs dn sang dans l mi ration malanqite. C-ovtrpt.es- 
rendns dll Cougrds international tics sciences meilieales. 
Copenhngue. 1884. - . 

Id. 1b. -Sulla presereiiy tone dvU'uomo nci pacsr th.-vinlana. 

Seeonda relazionc. .Annuli di ngncoltura. Roma. 1884. 
JjiiiGi l’ERKKini. 11 svtiosnolo dell Aaro romano. Roma. 1884. 
Paolo Martovas!. Desert stone t/cologu-u della eawpagna- 
row.aini, 2’"- edmoue. Roma, 1884. •. - - - • 

L. Cr.vi.AisTi. La- colanm pemtcnziaria idle Brc Bonittne e It r. 

mulatto. L’Ayeo romano ml i snot ahtia-rdt. Roma, 1884. 
Benedetto Tucct Bavo. Sc la- malaria sin a ntoctoim od t’-s- 
pansnrn. Romo. 1884. - 

Oiovaxxi Amexbusi. Salle open- di bonificasione della plugs 
irtoranea dclVAgro romtrnu che romp-rendr le palttdi e gh 
sta.qtn rh Osuti. Polio c Maccarcse , ecc. Roma. 1884. 
BeqolamaUo per Vetmtuotte della lcgge ts higho JSSd. Pub-, 
lislied in the Gazxetta ufficiole del 2S genuaio 1884. ■ 
Ministbbo di Aoricombba. Della influenza- dm loscln miBa 
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malaria dominante nella regions marittim a della provincia 
di Roma. Eelazione della Commissione nominata il 6 aprile 
1881. Eoma, 1884. 

( 1885. Ettobe Makchiafava e Angelo Celli. Nuove ricerche sulla 

infezione malarica. Annali d’agrieoltura and Arehivio per 
le scienze mediche, 1885. 

Ettobe Mabchiafava e Angelo Celli. Studi uHeriori sulla 
infezione malariea. Arehivio per le scienze mediche, 1885. 

Corrado Tommasi-Crudeli. Sopra alcune opere di bonifica- 
mento dell'Agro romano. Estratto dalla Kuova Antologia. 
Eoma, 1885. 

Claudio Sfoeza e Baniero Gigliarelli. La malaria in 
Italia. Eoma, 1885. 

Luigi Manzi. L’igiene rurale degli antichi romani, in 
relazione ai moderni sttidi fatti sulbonificamento dell'Agro 
romano. Eoma, 1885. 

Giuseppe Tomassetti. Della campagna romana nel medio 
evo. Illustrazione delle vie Appia, Ardeatina, Aurelia, 
Cassia, Claudia, Flaminia. Eoma, 1885. 

Annibale Bigliebi. 11 bonificamento degli stagni di Ostia e 
Maccarese. Eoma, 1885. 

Regolamento di polizia rurale e di igicne in esecuzione della, 
legge sul bonificamento agrario dell'Agro romano. Pub¬ 
lished in the Gazzetta uffiziale del 13 ottobre 1885. 

Ministero dei Lavori pubblici. Rrima relazione della 
Commissione idraulico-economica per la sorvcglianza■ 
generate del bonificamento dell’Agro romano. Presented 
to the House of Deputies, June 12, 1885. 

1886. Pacifico Hi Tucci. Dell’opportunist d’introdurre.la irriga- 
zione nell’Agro romano, ecc. Eoma, 1886. 

Corrado Tommasi-Crudeli. I boschi e la malaria romana. 
Estratto dalla Nuova Antologia. Eoma. 1886. 

Id. Id. 17 dim a di Roma. Lectures given in the spring of 
1885 at the Institute of Experimental Hygiene of the 
University of Eome. Eoma, 18SG. 

Angelo Celli. Aequa potabile c malaria. Giornale della 

- Societa italiana di igicne. Milano, 1S86. 

Giuseppe Tomassetti. La via latino net medio ao. Horn*. 
1886. 

*Giuseppe C'asarini. Bonijicazionc dctl'Agrn romano. li 
possibile cotmare col Tcrcrc gli stagni c le jtahtiU littornli 
di Ostia c Maccaresel La cohnala not urate , o! I, era 

Eoma, 1880. 
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speciale th tspetumc e sorveghimsa pel bomfiamw\p- 
aqrano rJell Arjni romarto. 

1886. ■ Minisxlko d AGiucm/rUEA. Ptnna rcdamone still'atidamr.nto 

della, huhKmc agra.rta, delVAqro rorlia-po.- Presented 
to tho House of Deputies, January 18. 1880. 

MrsisTisno nisi Lavobi fubblici. f> r.eonda r'd.aeinne (V'Ha, 
Ciwiwtwtow ulrauhen-cronom-iea per la- Snrtieahnr.zii 
gam-ale del Oomneamento delVAqro romarto. Presented to 
the House of Deputies. April 10, 1886. 

In. Id. hdarnonc su-l/a bomftcttswne dealt, siaginth Ostia & 
Ma-ccarcse rxslLAuro Morale -romatio.. Roma- 1886- 

1887. Corbado 1'OMMASi-Cr.TOKLr. -Alt:tine nflessbmi wli clima 

dell antica, Roma. Roma, 1887. - 

In. In. Prescrrtuwne- /Iclhwmo net, -paesi di malaria- Atti 
dei Lincei. 1887. 

Ettobb Mahchiaiava e Angelo Chhj. Sut-rapporH fraie, 
ailart.rtoiH del sang-ne del cane mlrodotlo vel cavo pen. 
toncidc deqh uccdh, c qnelte del sanqile dell-umnn -nrt-'a 
rate non a malarica. Aceadeinia medica di Eoma,1887. 

Jules Maistde. Le ehm-at, dc Borne et Ice causes qin, fm-th- 
ient la i or mo Hon des fievres. Clermont-l’Herault, 18S7. 

COLLBGIO DEG I.I ARCB1TETTI Ell INGKGNEBI III EwUBJfZK. 

huh u-riqa,zwne deli Agro roma-no. I-ironze. 1887. ■ 

MrersTBHO DEI Lavobi pcbblicl Terra rd.azwne della 
Commissiouc Ji i-orrcghanca svlV n ndamento de.tta bom-ti- 
vaciotie dell'Aaro roma-no. Presented to the House oi 
Deputies, November ‘16. 1887. 

1888. Ettokt; Mauohiafata e Angelo Cell), ijur Tiniectnm 

malan-etntc. Archives italieimes dc biologic. 1888. 

Id. id. Note* fiitr les cruder mode-rues dr I cllo/.oqte dc la 
fiecrc malanemie. Archives italieimes de lnologie, 1888. 

Angelo Celli e Giuseppe (auahNjeet. StUVinhtmi strtUfmra 
del Plasmodium malarne. Pinna, e eeeonda note preven¬ 
tive.. Rjfondn medica. 1888. 

Id. jd. Siill ctiolagia ddVntfan.o-nc malartca. Accademm 
medica di Roma, 1888. 

Panfilo Pan aba. Ctmmdrnmom. datisiichc sidle fehhn 
wahrrtclte curate tu-U ospcd-ulc militate di lurruo, Qiornele 
medico del R. esercito, cce. Roma, 1888. # 

hegrte - s Ivqiio JhbS. v. dad.}, die auiarnaa, lit inac/qiare spesa 
dt, L. ■ifmO.OOO per tl mighoramcvto della bonijteazwne 
vlriiahrii dcU Aqro roma-no. 

Minjstkro d Agmcoltdr a. Seconds! relatione mill a,ndamento 
della bonvficazrone a gran a delVAgro roniano. Presented 
to the House of Deputies, Sfav.23, 1888. 

Miotsteko dei Lavobi pijbblici. La reluztone della- Commit- 





BIBLIOGRAPHY OF ROMAN MALARIA 269 


stone di sorveglianza still'andamento della, bonificazione 
dell'Agro romano. Presented to the House of Deputies, 
June 18, 1888. 

1889, Angelo Gelli. Dei protisti citofagi o parasiti endocellnlari. 

Biforma medica, 1889. 

Id. id. Vlteriore contributo alia morfologia dei plusmodd 
della malaria. Biforma medica, 1889. 

Id. id. Le febbri malariche nella provincia di Roma nel 
secondo semestre 1SS8. Accademia medica di Boma, 1889. 
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